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SUMMARY

BAC KGROLND

It is well known that operational support costs represent a large

percentage of the total life cycle cost of major weapon systems . The

cost of hur~an resources (manpower , personne l , training, etc.) required

to provide operational ground support Is one of the largest cost Items

assoc i ated with a weapon system. Operational support costs are , to a

significant degree, determined by the operational/support concepts and

performance/desi gn characteristics of the weapon system hardware. Fin all y,

most of the system concept and design decisions that si gnificantly in-

fluence operationa l support costs are made during the earl y (conceptual

and validation) program phases.

Department of Defense poli cy has increasingl y emphasized the need

for developing ways to reduce the operational support costs while main-

tam ing adequate mission effect i veness of weapon systems . For the past

tO years or so, the Air Force Huma n Resources Laboratory (AFHRL ) has been

study ing the relationships berween human resources and complex hardware

systems . As a result , AFHRL has developed a baseline of human resources

• technology . The object i ve of this technology Is to enable a more meaning-

ful integration of desi gn/deve l opment act ivi ties (which create a demand

for human resources) and the manpower , perscinel and training activities

which supply human resources. In other word,, this technology attempts to

make it possible for manpowe r , personnel , and training factors to have an

influence on the hardware desi gn/development process , as well as to be

influenced by i t .

Paral le l wi th AFHRL effor ts , numerous government and non-government
S 

organizations have developed technolog ies intended to assist in reducing

operational support costs. These technologies include methods and models

for log istics support analyses , cost estimations , and human resource

requirement predictions related to reliability and maintainability factors.

In recent years , much of this and the AFHRL technology has been implemented

on various developmental programs. Such implementatio n , however , has been

lImited primarily to the detailed des i gn and full-scale deve l opment phase.

6
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For many years a large volume of historIcal data (human resource
related) on current weapon systems has been coll ected and processed .
Historically, the prim ary use of these data has been to improve the
Operation and Support (OsS) capabi l itie s of e xisting systems , thus the

data systems have been tail ored to s~~~;fy these objectives.

PROBLEM

Regarding Human Resources Data (HRD) , there is a need for a data

system that w i l l  enable more effect Ive u t i l i z a t i o n  of the histor ical  data
base , data generating technology , and provide consistent and compatible
information created for a specific weapon system under development. HRD
refers to information that provides impact estimates , or otherwise des-

cribes ground support manpower requirements for O&S, as a functio n of

• alternative desi gn concepts and approaches for system hardware and

support concepts.

The data base specificall y related to a new weapon system development
program expands in time with the ever increasing def in i t ion and desi gn of

the system. The HRD elements in thIs weapon system data base should be

compatible and consistent so as to effectively support the development of

requirements and pl anning throughout the design/development process. In-

addItion , the HRD elements in this data base should be consistent with

data elements collected and processed during operational testing and the

OsS phase; that Is , t~e data that becomes part of the historica l biise.

With greater consistency and compatibility betw~aen data elements In the

developmental system and historical data bases , the greater the feasibility

and utility of us i ng historical data to reduce OSS costs of new weapon

systems by I ncorporating these HRD into the earl y design process.

The data generating technology needs to be consistent and compatib le

with the developmental system data base . This technolog y would then be

used to operate on the developmental system and/or historical data bases

to support the early planning , design and development efforts of the new

weapon system.

APPROAC H

The prima ry object i ve 0f this study Is to establish the criteria for

7
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future development of a data system , hereafter referred to as a Uni fied

Data Base (UDB), of human resources Information . The purpose of the

UDB would be to enable more effective utilization of the historical

data base , data generating technology , and the weapon system data base

to provide compatible , consistent and useful HRD to influence early

system design.

The study included four major tasks . The fir st was to identif y

existing data and data systems that relate to HRD and that are , or would

be , useful and usable in the system desi gn/development process. The

second was to describe the weapon system desi gn process with specific

emphas is on integration of HRD to influence hardware des i gn. The third

task was to investi gate the adequacy of exist ing HRD and to identif y new

and/or mod ified HRD for use in various phases of system design. The

fourth and final task was to establish criteria for the deve l opment of

a UDB. The first task Is the subject of this report . The other three

tasks will  be discussed in subsequent reports.

CONCLUS i ONS

There is an enormous volume of operat i ona l source data (historical

data) that is directly or indirectl y related to HRD . Operationa l Data

Systems use this source data to create many by-produ cts for log istics

support planning , budget i ng , and management. To a significant but lesser

degree the source data and by-product s are used by government and con-

t ractors In the weapon system acquisition process.

The body of human resources technology and associated literature is

extensive. The collective work by AFHRL is clearl y representative of the

current state of technology in maintenance manpower modeling (MMM),

human resources in des i gn trades (HRDT), instruct ional system development

(1SD) and job guide development (JGD). There are many organizations who

have contributed to the strong technology base in cost and parametric

estimating relationshi ps , logistics support analysis (ISA) , reliability

(R) , and maintainability (M). All of this technology and its appl i-

cation demonstrates that HRD can be used in the design of complex system

hardware. When viewed In the li ght of a total weapon system program ,

however , there are severe limitations for appl yIng th Is technology during

the conceptual and earl y validation phases of a development program. The

8
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techniques for creating and using HRD to influence eariy system design

are available , but the data bases required to effect i vel y utilize the

technology are inadequate. This Is part icularly true during the con-

ceptua l phase of a development program. 
5

- 
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The relationships between human resource factors/data and complex

system hardwa re are so pervasive that it is difficult to establish a

clear line of -dema rcation for what is and is not HRD. Thus, for th is

study , an I nvestigation of existing data that could be considered

directly or indire ct l y related to HRD was undertaken. This included

data necessary to support the AFHRL technolog ies , LSA , Integrated

Logistics Data Files (1LDSs), cost models , and cost/parametric estimating

relationshi ps. In addition , It included an investi gation of special

purpose data bases , an exist i ng data bases other than Air Force. The

total body of existing data , data systems , and technology directly or

indirectly related to HRD is substantial to say the least .

- 
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SECTION I

INTRODUCTION . -

The primary objective of this study is to establish
criteria for development of a Unified Data Base (UOB) of human
resource related information for utilization in the weapons
system acquisition process to influence hardware design.

Data Base

This report presents the results of research efforts to
Identif y existing human resources data (HRD), data systems , and
related information that is or could be useful and usable to
influence weapon system hardware design.

As used in this study, HRD refers to information , for use
during design/developm ent phases , that provides impact
estimates or otherwise describes ground support human resource
requirements in the Operation and Support (O&S) phase of a
weapon systems life cycle. HRD are fundamentall y those data
which would assist in obtaining answers to the following
questions about O&S ground support requirements as a function
of alternative design concepts/approaches for system hardware
and alternative support concepts:

How many people are needed?
What type of skills and skill levels are needed?
How available are the peop le needed?
How much will it cost to provide and maintain the

needed skills?

10
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In context w i th the above , HRD re lates d i rec t l y  or ind i rec t l y  to

r e liability ~R), ma intainability (M), personnel , training, technical

data , manpower costs , test/support •qu i pment , end human eng i neer ing

information -- regardle ss of the source , form and content.

it must be emphas l ied , however , tha t there is no clear line of

d i s t inct ion as to what is and is not HRD. For example , an alrcraf t

u tIlIzati on rate has an i mpact on RIM , as does the number of land i ngs
when the R data are re l ated to cyclo~ rather than flight hours. Cost

o t ownersh i p enta i ls cost el.m.nts othe r than HRD , bu t those may have

a d i r u~ t rela t ion sh ip to the cost of huma n resources . The point is

that a UDB may need to  contain data e lements that are not HRD , per se.

For exa mpl e, the UD~ may need to cont ain Base Leve l Petroleum , O i l ,
and lubricant (POL~ Costs , Base Ma terial Costs , Replenishme nt Spares
Cos t , and Support Equipment Costs. Thus , wh i le  HRD are technical l y

~onsid .red to  be the type o~ data defined in th. preced i ng paragraph ,

it i -. not adv is ab le  to l i m i t  the scope of HRD for purposes of this study .

For these rea~uns and becaus. the rela tionships between Pijman resource

facto rs data and complo ’~ hardwa re systems are so pervasive , HRD w i l l
— b. ~ons id.red in a broad context for t h i s  report.

Srct lons II , I I I  and iV address HRD tha t may be referred to as

source data ava ilab le through operational data systems . These data and

da ta sy~t.ms p rovide historical information about exI sting weapon systems .

Sec t ion V . V I  and VII address techno l og ies that utilize source data to

general. HRD that applies new and developing weapon system. A brief

~Ies~ r ip t ion o~ each section follows .

S,ct lon ii i dentifie s and briefly discu sses existing data and data

s~~ste i1~s ~I l i e c t l - ~, related to HRD that are or could be useful and usable In

thr ~.v s t i .  desi.jn/dev.lopment proiess. Th i s sect ion focuses on operational

data and data s~~tems , primarily the Air Force Maintenance Data Collect ion

~~~~~~ i’~~ (MDCSI and i t s  d e r ka t k e s .  Because of t ht~ preva lent use of dat a

~ollected in the fi.ld through MOCS on various equipments other than

i i
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aerospace vehicles , this effort was limited to the major or prima ry data

systems applicable to aircraft weapon systems . it should aiso be noted

that many data systems interface with the prima ry source data systems and

are routinely updated in the established processing cycle. No attempt

has been made to identify all of the by-product data/data systems wh i ch

may contain HRD related information. The data systems interfacing with

the primary source data systems have been identified . These interfacing

systems may or may not contain HRD per se, but they do contain data

elements that are essential to planning and budgeting the ground support

requirements for a new weapon system.

Section Ii i  discusses some i mportant Air Force Log istics Comand

(AFLC) data base developments. The Integrated Logistics Data Files

(1LDF) on four separate weapon systems are included in this section ,

along with other special purpose data bases.

Section IV identif ies and br ief ly discusses major existing HRD

sources other than Air Force. Sel ected Army and Navy data systems are

F included in this discussion.

Sect i on V prov i des a summary of relevant literature in the area of

human resources technology . The major focus Is on exploratory and ad-

vanced development , and resultant reports addressing the creation and

use of HRD to influence the design of complex system hardware.

Section Vi prov i des an overview of existing life cycle cost (ICC)

models and applications. Several of the most common ly used LCC models

are discussed in some detai l . in addition , a comparison of data elements

and cost equations used in four cost models is presented .
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SECT I ON II

IDENTIFICAT I ON AND DISCUSSION OF
EXI STIN G DATA AND DATA SYSTE MS

GENERA L

This section is divided into two major parts. The first part

identifies ten (10) major sources of HRD. The governing directives

and data processing used for each data source are i dentified. The
-
~ second part discusses five of these ten major HRD sources in terms of

inputs , outputs , interfaces , and information provided to users. Many

references are made to data systems that are commonly known by the

Data System Designato r (DSD) and to reports generated from the various

data systems common ly referred to by their Reports Contro l Symbol (RCS).

I4~~ Subsequent use of abbrevi ations that do not log ically correspond to the

associated description are the standard DSD or RCS.

IDE NTIFICAT I ON OF DATA/DATA SYSTEMS

Ten major sources of HRD are identified in this section :

I . Base Leve l Mainten ance Data Collection System (MDCS)

1 2. Base Leve l Maintenan ce Cost System: MCS :H-129

3. Ae rospace Vehicle inventory Status : GO 33
4. Weapons System Effectiveness Programs and Models: KO 51

5. USAF Cost and Planning Factors: Air Force Regulation

(AFR) 73- 10

6. Log i s t i c s  Support Ana lys is  (LSA) : M i l i t a r y  Standard
(MIL-STD) 388- I

7. Unit Costs of A i rc raft , Guided M i s s i l e s , and Eng ines :
Technical Order (1.0.) 00-2 5-30

8. Standard Aircraft Characteristics: Air Force Guide

(A FG) 2

9. Group Wei ght Statements: AN-9i03-D and Appl icable -2

Technical Orders

10. Systems Effectiveness Data System (SEDS )

‘3
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BASE LEVEL MA I NTENANCE DATA COLLECT I ON SYSTEM (MDcs)

Data Source and Governing . Directives -

The primary source of usefu l and usable HRD for desi gn eng i neers Is

the MDCS. The MDCS Is governed by Air Force Manual (AFM) 66-i. This —

manual contains the implementing instructions for the MDCS and assi gn-

ment of specific resp onsibilities within the maintenance complex for the

collection , handling, p rocessing and anal ysis of the data collected at
base level. Instructions for key punch i ng and processing the data col-

lected on the base level B-3500 computer are contained in API 66-267.

The basic source document for the MDCS is the Air Force Technical Order
(AFTO ) Form 349. In addition to the base leve l reports generated from the

data collected , the detai led corrective on-equipment and off-equipment

(shop) records , plus the Scheduled and Special Inspection (look) Support
— General records , are transmitted to AFLC via the Log-MMO (AR)7i1+2 reports

(formerly the I-Log-K97 reports).

Data Process ing -

The data reported to AFLC from base l evel is central l y processed at

Wri ght-Patterson AFB , Ohio. After the in i tial ~EdIt/Error ” processing,

the ed ited data are input to the DO 56 Product Perfo rmance Data System.
The DO 56 generates experience data by type equipment and deficien cy

analysis for the purpose of logistically eval uating item performance and

system performance.

AFLC Regulation 66— 15 establIshes requirements for maintenance of

the data system and the procedures governing the utilization and analysis

of deficiency data reported on Air Force systems and equipment. The auto-

mat lc data processing systems and procedures for the DO 56 Product Perform-

ance System are contained in AFLC Manua l 171-45.

BAS E LEVEL MA I NTENANCE COST SYSTEM (MCS:N- 1 29)

Data Source and Gov.rn i nq Direct ives -

The base leve l maintenance cost system (MCS:H- 1 29) uses data from
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the follow i ng level sources:

MDC S

Standard Base Suppl y System

Accounting and Finance

Eng ine Manager

Maintenance Exception Time Accounting System

• Data from the MDCS , plus additional data collected using the same source

document , are used to deve lop maintenance manpowe r cost data by type

equipment , program element , workload breakdown structure , and work

accomplishmen t code. Data from a l l  of the above sources are used to
develop overall base level maintenance cost data. The standard pro-

cedures related to all aspects of the base leve l cost system performed

on the B-3500 computer are covered in AFM 177-380.

Data Processing -

Outputs from the base leve l ?ICS:H-129 are transmitted via the HAF ACF

(M&Q) 7403 reports to the Major Command . The Major Command processes

and accumulates cost data by type equi pment command wide. The Major

Command then generates the Command Maintenance Manpower Info rmation System

(CAMMIS) data for reporting to Air Force/PRMD. The Major Command main-

tenance cost data are also reported to Air Force for i nput to the

Operations and Support Cost Report (OSCR) by weapons system. Depot

maintenance cost data are generated by AFLC through the HO 36 Data System

for input to Air Force OSCR.

AEROSPACE VEHICLE INVENTORY , STATUS , AND UTILIZATION REPORTIN G: GO 33

Data Source and Governing Directives -

The standard Aerospace Vehicle Inventory , Status and Utilization

Reporting System (AVISURS) is governed by AFR 65-110. This reporting

system interfaces wi th  the AFLC DO 36 Data System and provides informa-

tion about aerospace vehicles In the Air Force Inventory. The Information

includes vehicle assignment , possession , status , fly ing hours , number of

landings , sorties , total airframe hours , an d total engine hours .

15
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Data Processing -

The base leve l reports are transmi tted via the HAF-LGY (M)75O2 reports

to the Major Command. The Major Command processes the data rece i ved from

base leve l as specified in AFM 65-663. The base leve l AV ISURS data pro-

cessing p rocedures and output distribut i on is outlined In AFM 171-260.

WEAPONS SYSTEMS EFFECTIVENESS PROGRAM AND MODELS: 1(0 51

Ove rall Purpose of Model -

The KO 51 is a system effect i veness/availability ranking model

desi gned to provide the following capabilities:

I . Statistical eval uat i on of weapon system effect i veness

2. IdentifIcation of spec fic systems or equipment

effecting force degradation

3. AnalysIs and eva l uation of historic utilization ,
downtime , and maintenance man-hour data on term inated

or “out-of-commission ” airc raft

4. Correlation of aircr aft downtime and maintenance
man—hours.

Prob l em Areas Isolated by Model

Weapon system effectiveness is often based on cost , capability, and

performance. In today ’s austere environment , management indicator pro-

grams are essential for effective allocation , or reallocation , of limited

resources to improve and maintain system effectiveness. The following

models were designed to Isolate possible prob l em areas.

I . Log istic Support Cost (LSC) ranking (KO 51 , Part 2):

Weapons Systems support costs identif ied to work

unit code (W UC ) . Equlpment/components are computed

and ranked to identIfy disproport i onate resource

consumers. Cost areas considered are field main-

tenance man hours , packag ing and transportation ,

specia lized repair activ ity man-hours , materials ,

ove rhead and condemnation replacements.

16
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2. Availab ility ranking (KO 51 , Par t 3):
Output from this model is in terms of degradation
to Weapon System availability. Computed degradation

factors are ranked to reveal the equi pment /components
or airc raft wh ich are the highest contributors to non-
ava i lab i l i t y  and reduc ed performance of the fo rce .

3. Fl i ght Safety Prediction Technique Model (GO 95):

This model estimates and ranks the material failure

hazard rate of a weapon system by WUC (exc lud ing
primary structure ). The c r i t i ca l i t y  number ca lcu-~
lated is an estimate of the probabi l i ty of exposure
of the system to a hazardous condition (hazard rate)

due to ma l function of a specific WUC i tem during an

average sortie.

4. SummarIzed results of Investi gat ions of Indicated
problems are contained in Part IV , where each m d i -
vidual summary is assigned an item number. The
reference report column of the model output ref lects
an i tem number and report i dentifier (the month and

year in wh i ch the item number last appeared) for

each WUC for wh i ch a summary analysis was prepared .

5. Changes effective I October , 1977:

Mission Capabi l i ty  (MICAP ) reporting has replaced

the Maintenance and Supply status report i ng in AFR

65-110 data. Not Mission Capable (NMC) or Partial

Mission Capable (PMC) .tatus is now used to describe

vehicle status . NMC and PMC status Is determ ined by
the Mission Essential Subsystem List (MESL). NMC

and PMC are not directly related to the aircra ft fl yable

status . These val ues are not equivalent to the pre-

viously used terms (Not Operationally Ready , Grounded ,

or Flyable) and therefore are not comparable. Due to

5 17

C

~~~L . . 1 I~~~ I~I~~~r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
L-._..L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-~~~~ - —~~~



_ _ _ _  ~~~~~~- - - - - --— --~~~~ - -----~~~~~~~ --- - - - - — --~~~~ — - - 5 .~~~~~~~ - - 

~~~~~~~~~~~~~~ 1

an error in data i nput from GO 33, hours possessed

are excessive for the 4th quarter 1977. Errors of

this nature could affect the accuracy of system

effectiveness , Fully Mission Capable (FMC), and

alert availability reporting.

USAF COST AND PL.ANIIING FACTORS (AFR 1 73-10)

This regulation contains USAF cost and planning factors which can

be used for estimating and analyzing resource requirements and costs

for act ive A ir Force, Air Nat i onal Guard , and Air Force Reserve Forces

in a peace time environment. Where appropriate , the factors can be

traced to the conventional budget structure and the five year defense

program (FYDP). Chapter 2 of the regulation provides explanatory

mater~al with respect to each o’ the cost and planning factor tables .

This narrative , presented sequential l y by table , is concerned wi th
factor development objective , derivation , use l imitations , and where

appropriate , examples of use. USAF Cost and Planning Factors tables
are included as attachments. Table 51 of the regulation contains the
factors used in the Air Force Cost Analysis Cost Est imating (CACE)

Model.

LOGISTICS SUPPORT ANALYSIS (MIL-STD- I 388-I)

This standard establishes criteria govern i ng performance of a

LSA , integra l to the eng ineering process , to define support system re-

quirements and inject support criteria into system/equipmen t desi gn and

deve l opment. This standard applies to any system/equipment acquisition

program , or major modification p rogram, from the early program initiation

(conceptual) phase through the deployment phase. It is Intended that

this standard be used by both contracto r and government act ivities im-

pleme nting LSA. The Logistics Support Analysis Records (LSARs) p re-

scribed by this standard provide the mechanism for generating Invaluable

human resources data. This Is particularly true if the Air Force will

standard i ze basic data elements and requ i re LSARs on all acquisition 
5,-

programs . LSARs appear to have the potential for satisfying most of the
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objectives of the five Air Force Human Resources Laboratory (AFHRL)

technolog Ies -- name l y; Maintenance Manpower Modeling (14MM) , Instructional

System Deve lopment (ISD) , Job Guide Deve lopment (JGD), System Ownership
Costing (Sac) ,  and Human Resources In Desi gn Trade-off (HRDT).

UNIT COSTS OF AIRCRA FT, GUIDED MI SS ILES , AND ENG I NES (T.O.oo-25-30)

Techn i cal Order 00—25—30 , Unit Costs of Aircraft , Guided Missiles

and Eng i nes , dated I September 1978 reflects many major revisions to the

information contained in previous editions of this document.

Table I of 1.0. 00-25-30 exc l udes all Research and Development (R&D)

and Class V Modificat i on (MOD) costs. Table II of this 1.0. provides R&D

and Class V Mod costs where possible. The R&D costs shown are cumulat i ve

through FY77 distributed over the number of aircraft procured to reflect

unit R&D costs. The term “specific R&D” Is applicable to the specific

weapon system series , whereas “prorated R&D” is applicable to severa l

or all series of a weapon system. R&D Includes support equipment (SE)

and other support R&D. Table Iii  of this 1.0. also reflects Class V MOD

costs. Class MODS are defined as changes In the physical configuration

or or in the functional characteristics of a system or equipment. C l a s s

V MOD costs identi f ied as prorated pertain to several or al l ser ies
within a weapon system. Unfortunately, for cargo type aircraft , Tabl e
III  reflects “specific R&D” costs for the C-5A only and “prorated R&D”

costs for the C-I3OA , DC-I3OA , DC I3OB , and the CI3OD only. For the

purpose of developing parametric estimating relationships for cargo

type aircraft , this source of cost data is i nadequate.

STANDARD AIRCRA FT CHARACTERISTICS (AIR FORCE GUIDE 2)

The AFG-2 contains standard i zed mission profiles wh i ch contain

comparable design or performance characteristics for USAF aircraft .

These characteristics may be used to develop estimating relationships

for O&M costs when used as Independent parameters and related to historical
data.

GROUP WE I GHT STATEMENTS (AN-9IO3-D and Applicable Technical Orders)

The group weight statements and the applicable technical manual

19

~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~. - --- -5- ---- ’ - --5-



-5-. - —5 __ 5
~~___  -5 - . —----- -—---5- - - - - -—-5---- .- -.__--_ - 5—- 

~~~~~~~~

-5

~~

5-5-1

5.
’ 

.

~~

maintenance procedures (-21.O.s) provide another source of data used

in deriving parametric estimates where parameters such as aircr aft

wei ght , systems wei ght , fuel wei ght , number of hydraul ic  pumps , number
of con trol surfaces and number of Line Rep lacement Units (LRUs) are

used as the independent parameters.

SYSTEMS EFFECTIVENESS DATA SYSTEM (SEDS)

The SEDS col lects data generated during Catego ry II ver i f ica t ion  H
and demonstration test ing. The source document for this data system is
Air Force Systems Command (AFSC) Form 258. This form is des i gned to cap-

ture all of the same data elements used in the AFM 66- I MDCS. In addition ,

the form is used to capture supp l emental failure data for reliability, and

information relative to the adequacy of support equipment and technical

data. Final ly ,  the form is used to report up to three Air Force Specialty

Codes for t roubleshooting and repair functions.

DISCUSSION OF DATA/DATA SYSTEMS

Five of the major HRD sources ident ified above are discussed In

greater detail below . These five are the Maintenance Data Collection

System , Maintenance Cost System , USAF Cost and Plann inq Factors , Log istics

Support Analysis , and Systems Effectiveness Data System.

MAINTENANCE DATA COLLECTION SYSTEM (MocS)

Recording and Reportlng -
The recording and reporting instruct ions for the MDCS are contained

in the 00-20 series technical orders. The source document used to collect

the data is the AFTO Form 349. These forms are originated by the m dlvi-

dual (s) accomplishing the work. Figur e I Il lustrates the data elements

tha t can be reported . The speci f ic  data elements reported for a g iven

transact ion are dependent on the type of maintenance that was performed .
The following technical orders relate to the types of maintenance and/or

equipment to wh i ch the recording instruc tions relate:

I. 00-20-2-2 On-Equipment Maintenance Documentation for

1. 20

- ~.g . —— — . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _  -5—- --—--5--5---- - - -

I ~ 
—

. ~
—

5 --- - -
• 50  I

_

~~ 1 I

I

- i
-, 

‘
~~~~1-~ —-- --4- --------- ----------------- --- --— - --—- 0\ V

U . -15 L
I .  : (•••.

~ 
C

10 -~- — i I
-
~~~~~

I

1-~ 
2 2 ~~~ — N in 

- ~ .~~~

21

-~~~~ ---5 ~~~~~~~~~~~~ ~~ -— - -——
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

- -
5 - ——-~ -~——- -



- ~~
— — —-- 5 .,5- ---5~~ -555-5-5=

A i r c ra f t ;  A i r  Launched M i s s i l e s ;
Ground Launched Missiles (except 1CBM) ;

Drones; and Related Training Equi pment

2. 00-20-2-4 Ma I ntenance Documentation for In-Sho p

Eng ine Maintenance

3. 00-20-2-5 On-Equ ipment Maintenance Documentation
for Intercontinental Ballist i c Missiles

~~c8M)

4. 00-20-2-6 On-Equipment Maintenance Documentat io n Nuclear

Ordinance Commodity Management Material , Re-

entry Vehicles and Re-entry Systems , and Related

Test and Handling Equi pment (Excluding Nuclear

Weapons )

5. 00-20-2-7 On-Equipment Maintenance for SE , Tra i ners and

Simulators

6. 00-20-2-8 On-Equipment Maintenance Documentation for

Ground Communications-Electronics-Meteoro logical

(CEll) Equi pment.

7. 00- 20-2 -10 Off-Equipme nt Maintenance Documentation for

Shop Work , Conventional Munit c-’ s , and Precision

Me asur ing EquIpment (PME)

8. 00-20-2-13 AFLC Depot and Contractor in-Shop Maintenance

Documentat i on , Peculia r Eng ine Documentation ,

and Contractor Data Submission

9. 00-20-3 Maintenance Processing of Repa i rable Property

and Repair Cycle Asset Control Syste m

10. 00-2O-~i Configuration Management Systems

II. 00-20-S Aircraft, Drone , and A i r Launched M i ssi l e

Ins pect ions, Fli ght Reports , and Supporting

Main tenance Documents

22



12. 00-20-6 Inspection System , Documentation , and Status —

Reporting for Ground Launched Missiles and

their Trainers , SE and Ground CEM Equipment

13 . 00-20-7 Inspection System , Documentation , and Status

Reporting for Support and Training Equipment

(Excl uding Ground Launched Missile Equipment)

14. 00-20-8 Inspection System , Documentation , and

Reporting for Ground CEM Equipment Used i n

Direct Support of Ground Launched Missiles

15. 00-20—9 Forecasting Repla cement Requirements for

Selected Calendar Ti me Change Items

These technical orders implement the Air Force policies of:

AFR 66-14 , Equi pment Maintenance Poli cies , Object i ves , and Responsi-

bilit i es; AFM 66- i , Maintenance Management; and AFR 66-5, Production

Oriented Maintenance Organization (POMO).

Base Leve l Process in~ 
-

The info rmation recorded by the Specialist/Technicians perfor ming

the maintenance is processed through the activity that has been assi gned

the key punch responsibility. This may be within the maintenance complex

or in data processing. The specific instructions for the operation and

maintenan ce of the MDCS for those bases hav i ng the B-3500 computer

are contained in AFM 66-267, and are used in conjunction with AFM 66- I

and 1.0.00-20-2. The deta i l  66- I MDCS record formats for the various
type equipment/maintenance actions are presented in Fi gure 2. These

records are automatically generated during the routine dai l y processing

of the MDCS data at base level. These records are transmitted via

AUTODIN or by nail , In the form of magnetic tapes and punched card decks ,

to AFIC for processing Into the DO 56 Product Performance System. Whi le
these formats are identified to the DO 56E data system , they correspond to
the LOG IIMO(AR) 142 record formats in Columns I through 80. The DO 56E

data is a record i mage output to tape for distribution to authorized

23
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contractors. The data contained in Columns 81 through 90 of the tape

record l ayout are for AFLC Processing Contro l purposes and may be used
by the con t ractors as an aid In their processing of the DO 56E data.

Abbreviations used In Figure 2 that do not appear elsewhere in

the report are :
AGE - Support Equipment

EAD - End Article Des i gnator

FSC - Federal Stock Code
How Mal - How Malfun ctioned

I.D . No. - Identifi cation Number

I N V  - Inventory

JCN - Job Contro l Number

J ETD - Joint Electronics Type Designator
LTF - Lead the Force
MDS - Mission Design Series
Mod if - Modifica tion

Seq. No. - Sequence Number

SRD - Standard Reporting Designator

TCTD - Time Compli cance Technical Order
Wh D i s  - When Discove red
Yr or Mfg - Year or M anufacturer

AFLC Processing -

The detailed AFM 66- I data record s transmitted to AFLC are pro-

cessed by the AFLC DO 56 data system. The ini tial processing Is the
DO 56A Error Edit and Analys is  Routine. During this p rocess , three (3)
Input data systems are interfaced and thirteen (13) output data systems

are interfaced. An overview dat i flow process and interfacing chart is

presente d in Fi gures 3 and 4. This reflects the general data flow process
f rom the point of or igin (base , depot , or contractor) through the DO 56
Product Performance Anal ysis Process. Tables I and 2 identIf y the output
products and data element contents of the reports identified by RCS and
Product Control Number (PCN). The poli cies , requirements for data systems

26
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maintenance , and procedures govern ing the u t i l i z at i o n  and anal y s i s  of
de f i c iency  anal ys is data reported on A i r  Force Systems and Equi pment
are covered in AFLC regulat ion 66-15 as amended. A b r ie f  descr i pt ion ,
frequency , and c r i t e r i a  used to produce each PCN i d e n t i f i e d  is inc lud e d
in th is  regulat ion.  Pr ocedures and samp le output product for mats for
the operat ion of the Produ ct Performance System (DO 56) are conta ined

in AF LC Manua l I7 I- ~ 5.

By-Prod ucts of DO 56 S ys tem -

As a b y- product  of the DO 56 P roduct Performance Sys tem , the KO 51
t5 Weapo ns Sys tems E f fec t i veness P rogran- and Models ~ is exe r c i sed  at the
same t ime as the DO 56C Off - Equipment  P roduct A n a ly s i s  Subsystem is
exercised. The output products and data elements by identified RCS and

PCN are disp layed in Table 3. These reports are available in micro fich e

to authorized contractors.

Maintenance Data to Contractors -

The DO 56E (AFM 66- I Maintenance Data to Contractors) processes

the on-equipment and of f -equip ment tape s from DO 56A , and segregates

product in format ion for approved cont rac tors .  The output , in tape form ,
is record image of the 66-I  de ta i l  records that were passed by error edit

subsystem to the DO 56A04B0 and DO 56A0L,AO data tapes. The data tapes also

contain AFR 65-11 0 flying hour Informat ion corresponding to the equipment

and time period to which the maintenance data relates. This information

Is essential to the contractor in order to derive reliability rates and

Maintenance Man-hour Per Fl y ing Hour (MMH /FH ) Informat ion from the data
contained on the tapes. The various contractors who receive the data have

developed their own data processing and data bases to meet their requ i re-

ments in performing R&M stud ies , and where appropr iate , LSA and t rade
stud ies.

Many contractors have used DO 56 data in Independent research and

deve lopment e f for ts  ( IR& D) , some of which have great potential benefits
- 

- - 

~~~~~~~ 
- to the A i r  Force as we l l  as the aerospace industry . Some contractors

31
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have encountered J i f ~~l cu l ty in ob ta in ing  needed data for th i s  purpose ,
pa r t i c u ) a r l~ for a i r c ra f t  ot r’er than the i r  s ss5 n products.  This obstacle

i n  obtaining needed data ma~ tend to d iscourage the aerospace industry
frc”’- conducting the IR&D that could lead to improved state of the art in
r~~ans~ areas t’~at impact LCC.

Ds ) 56 3utpu t Data System Inter faces -

In this port ion of the studs’ , no attempt has been made to track or
otherv~ise deterrn ine the interfacing data systems ~‘.hich may contain HRD.
The 00 56 System contains a l l of the basic detail data and could be

obtaIned fror~ t~’*is source. It Is appropriate , however , to identif y the

DO 56 ~wtput data systers interfaces as follows :

I. 0O~i7, Standard Confi gurat i on Management Program ,

at  each A i r  Log i s t i c s  Center  (ALC)

D057 G , Advanced ~~r’f igurat ion  Manaqement System 5 at

each ALC except Oklahom a C it ~ ALC (OCALC)

3. D066, Comm odity Configuration Management System , OCALC

~e . G0 33A , Aerosp ace Veh ic le  Status Reporting System , A rLC

5. D~~4I , EngIne Confi guration Management System , OCALC

6. Space and Missile Oat ., Space and M I s s i l e  Systems O f f i c e

~S SAMSO )

7. M i l i t a r y  A i r l i f t  Command (MAC~ Data

5 8. A I r  Force Communications Serv ice  (AFCS) Data

9. USAF Secur i t y  Serv ice (USAFSS) Da ta

10. C OIl , Tir e Improved Reliability Mathematical Mode l

Program , Sacramento ALC (SMALC)

Ii. K051 , Weapon System Re li ab fll ty Mathematlcal Model Program ,

SMAIC

12. Air Defense Command (ADCOM) Da ta

33
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13. G095, Fl i ght Safety Prediction Technique , San Antonio

ALC ( SAALC~
14. 0038, PME Interva l Anal ysis System , Aerospace Gu idanc e

System Maintenance Center (AGMC )

15 . D057F , Program for Selected Items , at each ALC

16. G098 , Maintenance Requirements Data System , SAALC

17. G081 , C-5 MaIntenance Data Ana lysi s and Recording System

(MADARS ) Ground P rocessing Segment (GPS), OCALC

18. G335, AGM-69A Short Range Attack M I s s i l e  (SRAM) Serv i ce
Life Data Storage Retrieval Systec’ , Ogden ALC (OOALC)

In addition to the output interfaces , the

D056 System receives inpu t data from various

sources as fol lows :

19. GOOIB , provides the AFM 66- I Maintenance Data Generated

at the base level

20. GOOI C , provides the AFM 66-i Maintenance Data Generated

at the ALC ’s and Contractor facilities

2 1.  G0 33B , Aerospace Vehic le  Inventory and Inventory Change
Reporting, provides Veh ic le  Operat ing Data by Hour s

Flown , Landings , Sorties , and Status Information (AFR

65-11 0 Data)

22. 0043, Master I tem Iden t i f i ca t i on  Contro l System ( M I I C S ) , S

prov i des an inventory Data ease of A i r  Force Suppl~ I te ’~’s
by s tock number and part numbe r which is used to i den t i f y

and verif y AFM 66- I t ransactions. V

&

23. DI4 3B , Master Cross Reference File - Stock Contro l Data ,

provides Equipment Spec ia l i s t  and Div is ion  Manag.r Codes

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~
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2~i. Other relat ed hard copy is input in the form of punched

cards , annotated DO 56 reports , and AF Form 1 530 wh ich
provides master f i l e  update information and system report
requests.

MAINTENANCE COST SYSTEM (MCS:H-129)

Data Manager and D i rec t i ves  -

The base l evel MCS was implemented in 1975 and is managed by the A i r
Force Accounting and Finance Center (AFAFC /XSM ) , Denver , Colorado. The
funct ional user manual for the base level MCS is AFM 177-380 and is applI-

cable to base leve l p rocessing of MCS data on the 8- 3500 computer. The
Automatic Data Processing Systems and Procedures - MCS , AFM 17 1-3 80 , i s

the data automation counterpart manual.

Base Leve l tICS Interfaces -

The base leve l tICS interfaces w I t h  other base leve l dat a systems

which prov i de the required Inputs to tICS. The base leve l interfacing

input data systems are as follows :

I . Standard Base Level Supp ly System (SBSS) -

Refe rence AFM 1 77-206 , Para. 8-6 .1 and Chapter 30
also , and AFM 67— I , Vol .  II , Part 2 , Chapter , ,

Sect ion N

2. B-3500 Maintenance Data Co l lec t i on  System (MD CS ) -

Reference AFM 66-26 7 and T .O .O0 -2 0-2

3. B-3500 Mainte liance Management and Control System

(MMICS), AdmInis t rat ion Sub-system — Reference
AFM 66-278 ; or the Exceptio n T ime Account ing

Sub-system - Re ference AFM 66-264

4. 8-3500 MM ICS Status Sub-syste m - Reference AFM 66-278

5. B-3500Accou nting System for Operations - Reference

AFM 177-370 Chapter 38

35
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Base Level tICS Outputs and Object i ves -

The base leve l tICS produces severa l reports for d is t r i bu t ion  ~t
base leve l and provides an output ( RCS:  HAF -AC F (MsQ) 7403) t r ans m i t t a l
f i le which is fo rwarded to the Major Command for input to the comand
leve l tICS and the CAMM IS. The ob jec t i ves  of the tICS are : 

4

I. To accumu late cost of organizat iona l  and
intermedi ate leve l maintenance ac t i v i t Ies by

a i r c ra f t MDS

2. To provide the capab i l it y  to consol idate depot and
base l evelMaintenance Costs at USAF l evel ; to show

total cost by MDS

3. To improve USAF and Department of Defense responsiveness to

the of f ice of Management and Budget (0MB) and Congress
regard ing to ta l  maintenance cost s  N

4 . To provide data for LCC

5. To Improve the basis for determ inin g whether to

pe rfo rm -a intena nce contractual ly or In-house

6. To provide base level maintenance cost per f l y i n Q
hour

7. To pur i f y program e lement report ing for the 5-year

force structure and the A i r  Force budge t submission

8. To p rovide cost of total maintenance labo r expendi-

tures (direct, ind irect , and overhead )

9. To provide the reporting system to support the CAMM IS

Base Leve l InformatIo n Provided to Users -

Informa t ion is provided to in terested base leve l a c t i v i t ie s  in
ei ght different report formats. These reports Include : (a) cost and

nan-hours for military and c i v i lian labor; (b~ material (funded and

unfunded); (c) con t ractor maintenance ; (d) government furnished material

_ _-‘ 
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(to contractors) ; (a) indirect labor; and (f) overhead labor. Cumulat i ve
totals for month and for fiscal year are Includ e d In the report s. The
cost and man-hour s are further broken down by Workload Breakdown Struc-
ture (W BS) * . wi th in  MOS , and within Program Element Code (PEC) - Repor t

IA. The data elements included in each of the reports are presented

In Table 4. The reports ref lect Workload Breakdown Structure and Work
Accomp lishment Ca tego ry for MOS-related and Non-related costs.  The
categories are as follows :

Where Reported

I . Workload Breakdown Structure MDS Related

A i rcra ft IA
A i r f r ame I A

Eng ine IA

Accessories IA

Electronics/Communications (ECOM) IA

Armament IA

AGE (wes is not used In current phase -

w i l l be Included in later revisions)

2. Workload Breakdown Structure - Non-lIDS Related

Supply Support lB

Tra I ners lB

MunitIons lB

CEll l B

Missiles lB

PIlE lB
AGE lB

Other lB

3. Work Accomplishment - lIDS Related

Prog ram Main tenance (MAC onl y ) 2A
Activation/Deact i vation 2A

Modification 2A

~Plot to be confused with Work Breakdown Structure (WBS) as d e f in e d  i n

M l L-STD-881A.
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TABLE 4. BASE LEVEL MA I NTENANCE COST SYSTEM
(tICS) 11-129
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Repair 2A

Inspection and Test 2A

T echnical  Ass i s t ance  2A
Othe r Support 2A

Research and Deve l opment 2A

4 . Work Accomp lishment - Non-MDS Related

Act i va t ion /Deac t i va t i on  2B

Renovat ion and Storage 2B

Mod if i c a t i o n  2B

Repair 2B

Inspect ion and Test 2B

Manufacture 2B

Technical Assistance 2B

Other Support 2B

Rescarch and Deve l opment 2B

5. Ind i rect  Labor Category - Category (Military —

C i v i l i a n )  3

Supervision 3

Tra in Ing  3

Detai l  3
Leave 3

Compensatory Time Taken 3
A ler t  3
MIscellaneous 3

6. Overhead Category 4
Military Labor 4

C I v i l I a n  Labo r 4

Rents 4

Temporary Duty 4
Contract Services 4

Other 4

3!~
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7. Material Ca tegory 5
Bench Stock (Non-MOS) 5
Con t ractor Operated Parts Stores (COPARS) 5
Con tractor Ope rated Civ i l Eng ineer Supply

Stores (COCESS) 5
Av iation Gasoline (Non-Flying) 5

Direc t Material 5

Government Furnished Material (GF?l) 5
Other 5

8. By Cus tomer (Major Command , government

a9encles , other) 6
M il itary Labor (DIrec t) 6

Civ i l ian  Labor (Direct) 6

Ma terial (funded) 6
Material (unfunded) 6

Contractor Maintena nce 6
Government Furnished Material 6
Indirect Labor 6

Overhead 6

Base Level MCS Labor Hours and Cost Data -

The indirec t and ove rhead labor hours and cos t date are dis trI-
buted to PEC , MOS , Non-MOS , and Non-Loca l , based on direct labor hour

ra tios . The 11B y Custome r Report ” refl ects cos’ data for tenant support

(by Command) , Trans Ient Support (by Command), and other support (Identified

to act iv i ty supported). Maintenance organizations that do not process
MDCS or MM ICS Admin/ETA System on the B-3500 (for examp le , B263 bases) are

not applicable to the MCS. For example , the cos t of maintenance pe r-

formed by the Air NatIonal Guard Is not Included In tICS. Associate rese rve

personnel on act i ve duty in support of an active Air Force mission and

Air Forc e Reserve (AFRES) act iv i t ie s that are tena nts on Air Force bases

are costed in the tICS. All other AFRES and a ll Air Nat i onal Guard (ANG)

activi ties who p rocess the MOCS and MM ICS Administrative System on the

40
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B-3500 are Included In the tICS for CAMMIS reporting only (Non-tICS

reportable) . A general system flow process for this system is presented

in Fi gure 5.

Command Leve l Maintenance Cost System (IICS:fI-1 29A/YO) -

The Command leve l functional user documentation is AFM 177-679,

4 USAF Standard Major Command Leve l Maintenance Cost System (116000). AFM

17 1-6 79 is the Automatic Data Processing Systems and Procedures in support

of the 116000 tICS at the Major Command (MAJCOM) level. The Command leve l

tICS accepts the base leve l MCS:H- I 29.

HAF-ACF(M&Q)7403 reports and consolidate the data by categories

to produce command wIde maintenance cost data. This system produces

seven reports at Command Leve l and also produces an output to USAF head

quarters which is used as an i nput to the 05CR. The same cost elements

and cost categories used at base leve l are used at Command Level. The

difference In the report formats k that the Command tICS reports reflect

cos t only and do not contain labo r hours . A general system flow process
for this system is presented in Figure 5.

Command Aircraft Maintenance Manpower Information System (CAMMIS) -

The CAMMIS receives data from three sources : MDCS ; MM I CS Adm inistra-

tion Subsystem or the Exception Time Accounting (ETA) System; and the

MMICS Status Subsystem or the Aerospace Vehicle Status Report (Al). These

base leve l systems feed the CAMM IS data elements to tICS monthly. The tICS

transmits the CAMMIS data elements to MAJCOM as a part of the RCS: HAF-ACF
(M&Q)7403 report. Output from CAMMIS is t ransmitted to USAF/PRMP for

Input to the Ae rospace Maintenance Manpowe r InformatIon System (AMMIS ).

This system p rovides Informat ion at A i r  Force leve l for planning and

budgeting personnel cost and al location of manpower resources.

V i s i b i l i t y  and Management of Operating and Support Costs (VAMOSC ) -

Purpose of VAMOSC

The AFLC 11036 System , a portion of VAMOSC , p rovides depot

41 
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S maintenance cost data wh i ch are input to Air Force for inclusion in the

Air  Force leve l OSCR. The VAMOSC System Is s t i l l  undergoing development
and Is currently identif ied as H0 36C. The stated purpose of this system
is to “collect on a quantity basis , Depot Ma i ntenance Costs , Depot

Management and Suppl y Costs , and Aircraft/Missile inventory and ut ili za-

tion data. These data are used to produce total and unit cost of operation

and maintenance of Weapon Systems .”

VAMOSC Input Interfacing Systems —

The input interfacing systems are :
I. D041 , Recoverable Consumption Item Requirements System

2. G033J , Past Program Data Sys tem
3. G 3 1 1 , AF Level AV ISURS Reporting System
1e~ H036 B, DMI F Cost Accounting Production Report (AFLC)

5. H069, Genera l Accounting System - Base
6. K004 , Development of Program Data for Consumption Item

Requirements Computation (input to D041)

A generai system flow process is presented in Figure 5. The
prescribing directIves for this system are PMD A-7067 and ACR-H77-5 , neither
of which could be obtained .

0p~ratinq and Support Cost Report (OSCR) - Air Force Leve l -

The OSCR merges the total operat i ng and support cost data for

Weapon Systems by MDS. Since this system is undergoing development , it
was very difficult to obtain Its current status . In addition , forma lized

documentation (regulations/manuals) describing the system could not be

l ocated . The OSCR System Design Schematic Is presented in Figure 5. A
general system flow process for the deve lopment of depot maIntenance cost
data is re flec ted in Fi gu res 6 and 7 wi th  the attendant matched and un-

matched files identified . Informa l discussions wi th AFLC personnel IndI-
cated that Figures 5, 6 and 7 a re basical l y a fair representation of

the sys tem. The output shown in Figure 7 Is used as input by Headquarters
USAF to produce OSCR outputs shown in Figure 8, FIgure 8 shows the type

data provided for each aircraft type for a given year.
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USAF COST AND PLANNING FACTORS (AFR 173-10)

The VAMOSC , of which OSCR k a part , is used to update the cost and

planning factors contained in AFR 173 - 10 , as is the base leve l MCS data.
Current ly AFR 173- 10 provides the only source for cer ta in data elements

required for input to the CACE Model for estimating LCC.

Cost factors from AFR 17 3- 10 have a lso been used successful ly to
develop CERs for cargo /transport a i rcraf t  for estimat i ng Base Material

Cost , Replenishment Spares Cost , Replac.meri t Common Support Equipment

and Spares Cost , Base Leve l Fuel and O i l Costs , In i tial Base Leve l Support

Equipmen t (formerly AGE) Costs and Base Leve l Support Equipment Mainten-

ance Cost (In terms of MMH/FH),

LOGISTICS SUPPORT ANALYSIS (LSA) - MIL-STD- 1 388- I

The data recording and documentation requirements , resulting from

the applicat i on of MIL-STD 1388 1 , is one of the most valuable sources 
S

of info rmation ident i f ied in th is  research. The accumulation of these S

data during future acquisition programs will aid in the development of

a historical data base needed to fully support the acquisition process

in conjunction with other historic e ’i data such as AFM 66— I and MCS data.-

This data system will permit the assessment of R&M predictions , alloca-

tions , demonstrations , and field performance (after deployment) , from

the early development phase throug hout the life of the vehicle. This

capabil ity does not currentl y exist in suff ic ient numbers of a i rcraf t
to represent an adequate data base.

The application of Integrated Log istics Support (U.S), and the

deve l opment of a common data base to serve both the “des i gner” and the

“ improve r” were recommended in attachments to the Memorandum from the

Vice-Chief  of Staff , Subject: Inst i tu t ional izat ion of Life Cycle Cost
and Other Cons id erati ons i n Program Management , dated 23 January , 1978.

A common h istorica l data base developed from the prescribed LSARs by

MIL-STD- 1 388-I , cou l d best serve the purpose stated in the referenced

memorandum. Th i s study fai led to identify an existing directive to
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require the application of MIL-STD- 1 388- I to major procurement programs .

It is understood , however , that AFR 800-3 is current ly  undergoing rev is ion
and w i l l  requi’re the app l icat ion of MIL-STD - 1 388- I on a l l  major programs .

SYST EM EVALUATION DATA SYSTEM (SEDs)

The SEDS is operated by the Air Force Test and Evaluation Center

(AFTEC) at Edwards Air Force Base , California. This system is primarily

designed to capture ope rational and maintenance data generated during

the Catego ry II Flight Test Program. The source document for maintenance

data collection Is the AFSC Form 258. The AFSC Form 258 contains all of

the data elements that are recorded on the AFTO Form 349, plus additional

info rmation relative to the adequacy of the Support Equ ipment , Techn i ca l

Data , and up to three specific Air Force Specialty Codes for trouble-

shooting and repai r .  For fa i lu re  removals , the fa i led  i tem noun and

manufacturer ’ s code , next assembly part number , next assemb l y serial

number , next assembly noun , and next assembly manufacturer ’ s code is also

captured . Operational time at failure , severity of the fa i l u re , type
failure , analysis required , and d ispos i t ion  of the failed i tem are

reported . The total downtime associated with remova l or repair actions

are recorded and sep arated into t roub leshoot t ime and repair time . The

SEDS u t i l i zes  these data from the AFSC Form 258. In add i t ion , SEDS u ses

the standard data elements recorded on the AFTO Form 349 for the AFM 66- i

MDCS with the exception of start and stop time , crew size , emp l oyee

number , and data used only in MCS.

The SEDS generates similar reports relative to maintenance as are

produced at base level from the MDS . There are some differences in report

formats (such as act ive maintenance down t ime , elapsed time per task , and

mean crew size) wh ich do not appear In any of the MOS reports. The SEDS

data base is used to eva luate and ver i f y  the achievement of R and M re-

qu i rements , or goals , during the Category II , Verification Test and

Demonstration. The only documented descr ipt ion of this system that our
rese arch ident if ied  was SAMSO-TR-69-2 39 , August 969, in two vol umes~
SEDS - System Effect i veness Data System; Vo lume I , Management Analys is  and
Program and Volume II , User Documentation and Imp lementation instruct ions. 
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S EC T I O N  I i i

AFL C DATA BAS ES

GENERAL

This sect ion i den t i f i es  important a n c i l l a r y  data base develop-
ments that were not add ressed in Sect ion I i .  The AFM 66- I MDCS iden-
t i f ied in Sect ion i i  is the pr imary source of h i s t o r i ca l data that are
useful and usable in the des i gn process, These data , properly utilized ,
can great ly ass i s t  in desi gn dec is ion  making where Log is t i cs  Support ,
R&M and O~ S costs are major considera t ions or are used as trade-offs with
desi gn perfo rmance cha rac te r i s t i cs .  The DO 56 system provides the larges t
data base in terms of types of equipment for almost any t ime period of
interest .  The data are stored on magnetic tape and can be processed by
AFLCs existing program s and equipment.

There are two other existing data base deve l opments that are or

cou ld be u t i l i z e d  to inf luence desi gn and deve lopment of future systems
and equipment. These are the integrated Log is t i cs  Data F i le  (D i 94) and
the Special Purpose Data Bases of AFLC.

I N TE GRATED L O G I S T I C S  DATA FI L E S

In addition to the DO 56 data base , at least four unique integrated

Log istics Data Fil es (ILDF) have been developed as a part of the D 194
system. The fou r f i l es  for the A — t O , B-I , F— I 6  and F- 15 are i den t i f i ed
as D 194A , 0 194B , D 194C and D 194D , respect ively.  The basic D 194 system
currentl y under development is intended to be appl icab le  to any a i rc ra f t
in future procurements. This w i l l  e l iminate the need to estab l ish  a
unique f i le  for each a i rc ra f t  as has been done previousl y. A review of
the data elements used by th is  sys tem , however , indicates that the 0 1 94
Is not being des igned around the requirements of MIL-STD- 1 388- I.

The 0 194 has a total of 388 data elements ident i f ied , of wh ich 232
are cont ractor generated and 156 are AFLC in-house data elements. The
system is being designed to p rovide the following :
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Support Equipment Requirements and Status

Engineering Change Proposal/TCTO and kits Requirements/

Status

Spares Support Requirements

Preservat ion, Packing and Sh ipping Information
Projected Depot Leve l Maintenance Workload info rmat on

Technical Order Status and Del ivery Info rmation

Delive ry schedule info rmation is included for eac h of the categories

input. The portion mIs sing from the D 94, which is essential to a 
S

Human Resources Unif ied Data Bass , is R , M , operations task analysis ,

and facilit ies information.

S P E C I A L  PURPOSE DAT A BASE S

AFLC data systems developed to support speci f ic  requirements are
ident i f ied below by DSD number , title and status . A brief description

of the use of each data base is provided .

DSD Number

AOO I F-16 Avionics Integration Support Facility System .

Status : thiusr Development

Use: Prov i des software for F-I6 avionics Operational

Fl i ght Program (OFP) and OOALC avion i cs integration and

support f ac i l i t y .  Consists of OFP tape generation ,
simu lat ions , data reduction and anal ys is .

AOO IA Utility Software Support F-16 Avionics Operational

Flight Program.

Status : Under deve l opment

Use: To conduct Real -Time Dynamics Simulat ion
Testing of OFP to ver i fy  software.

AOO IB F-16 Postf ligh t list Data Reduction and Analysis.

Use: Reduction of data collected by test aircraft

giving printout and data tape to eng i neering units

to eva l uate Navi gation/Air Combat Maneuvering etc.
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A 105 U t i l i t y  Software Support F- 4 Avionics Operational
Fl i ght Programs .

Status : Under development
U se: Provides software for R/RF-4 Avi onics OFP S

and OOALCs Avionics arid Integration Support Facility

(AF1F-4). Consists of OFP tape generation , simu-

l at ions , data reduction , and anal ysis.

AO I 5A Dynamic Simulation Area Post Computer Software 5

Support.

Status : Under developmen t

Use: Used to conduct real time dynamic simula-

tion testing of OFP to verify software, Largel y

i ndependent of the avionics interface .

A0i 58 F/RF-4 Avionics Support Postfllght Test Data

Reduction and Anal ys is .
Status : Under deve l opment

Use: Reduction of data col lected by F-4F and
RF— 4C test a i rcraf t  giving printout and data
tape to engineering units to evaluate navi gation ,

air , combat maneuvering. Long range air -to-air

intercepts and air-to-ground weapon release.

A022 Non-Nucls~r Munitions Env ironmental Test Data
Reduction .
Status : Operational

Use: Reduces data collected from live tests of

non-nuclear air munitions to meaning ful products

that portray effectiveness.

AOZI7F Ma intenance Information Logically Anal yzed and

Presen ted (MILAP).

Stetus : Operational

Use : MILAP is time oriented maintenance system.

The modular subsystem structure of MILAP facili tates
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changes/modifica tions with minimal disruption to ‘I

the existing system.

A354 F-I ll OFP

Status: Op erational

Use: This system aids Mission Programmi ng organize-
tions in prep aring and correcting F-ill OFP and is

used to analyze F-Il l flight data recorded during

fl i ght testing and dynamic simulations. The OFPs S

are used to contro l the three onboard d ig i ta l  computers
that are u t i l i zed  in the MARK II Avionics System.
These systems are recorded on punched tape and loaded
Into the computer cores. Mission Programming rganiza-

t ions wr i t e  the OFPs in assemb ly la n g u ages wh i c h are

trans lated to object code.

8020 Scientific Data Processing.

Status: Operational
Use: This data system is applicable to all research

and development appl icat ions programmed to run on S

computer systems. OOALC , as host to the 65 ILith Test
Squadron , uses t h is  system in support of the remotely
pi loted vehicle test program.

8456 Systems Effect iveness Data System.
Status: Operational

Use : A set of computer programs des igned to ass is t  In
the analysis of re l i ab i l i t y  and ma in ta inab i l i t y  data.
The Quantitative Reliability Programs provide non- 

S

parametric s t a t i s t i c s .

C004 Air Force Equipment Allowance Management System.

Status : Unde r development

Use: Provides for automation of the Support Equi pment

A llowance Program and establ ishment of an In teract ive
capabi l i ty  to furnish re l iab le , correlated and t imely
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data to all Ai r  Force ac t i v i t ies  worldwide. Maintains
allowance data for al l items of support equipment that
are technicall y of functionally required to maintain ,
repair , overhaul , test or cal ibrate any weapons system ,
subsystem , end item , function or mission w i th in  the
A i r  Force. This Is a prototype system wh ich w i l l  be
service tested and eval uated. If successful and

appro ved , w i l l  rep lace present COOIE System .

C0i3 Support Equipment Acquisition and Control System.

Status : Operational

Use: Provides Support Equipment item management F-
information to support a given weapon system from
acquis i t ion to in i t i a l  lay- in before need date.

Ci04 Automatic Test Equipment (ATE) Data Bank.

Status : Operational

Use: ATE data bank provides a tool to identify existing

ATE wh i ch has the capability to satisf y a g i ven set

of e lectr ical  test requirements for exist ing or new
weapons system. Defined test requirements for a unit

under test are coded and read by the computer program

wh i ch compares the test requirements for the unit under

test (that is , the L ine Replaceable Unit (LRU) and Shop
Replaceable Unit (SRU) with ATE testing capability for

the ATE systems In the data bank. System is used by
the ATE/SM at SAALC .

D024A Propulsion Unit Data Collection Status Reporting (AFM

400-I) .

Status : Operational

Use: Accomplishes data collection , file maintenance arid

evaluation for all DO 24 Systems except DO24 L. 
5

D024F Propulsion Unit Actuarial Experience Computation .
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Sta tus: Operational

Use: Tabulates engine exposures and removals , computes

hours f lown  per failure to failure rates experienced

during the period , and computes new official overhaul

rates.

D02 4K Propulsion Unit Actuarial Forecast Computations.

Status : Operational

Use: Forecasts engine removals and replacement require-

me rits by applying computed a ctuarial failure rates to

projected insti l led eng ine invento ry by age In terval and
cycle.

0041 Recoverable Consumption Item Requirements System .

Status : Operationa l

Use: Sys tem computes replenishment requirements for

recoverable i tems . Accomplishes stratificat i on products

for preparation of bud get/apportionment submissions:

computes war ’ readiness requirements.

DOL42B Propulsion Unit Dia gnos t ics and Conditioning Mon i toring.

Status~ Under development
Use: Ma int* in engine/modu le perfo rmance , h istory , tables ,
and analysis of airborne/ground diagnostics system rail-

ability . Maintain eng i ne/module spectrometric oi l

analysi s programs and bore scope history.

DO43 Mas ter I tem Ident i f icat ion Contro l System

Status : Operat i onal

Use: Cen tral repos i tory of Air Force material identifica-

tion and supply management; generates and releases stock

l i s t changes based on DID s approved changes.

0051 Reliability improvement Warranty Performance Evalua tion

Status : Under development

Use : Provides Automated Data P rocessing (ADP) support

_ _  - - 
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to AFLC a c t i v i t i e s  invo lved in va l ida t ion  of Re l i ab i l i t y
Improvement Warranty (R IW ) Contractor Performance. Com-
piles statistica l data to support follow—on Log istics
Support PlannIng and produces periodic reports for analysis
and evaluation of the RIW concept.

D05 7F Actuarial Program for Se lected Items .
Status:  Operational
Use: System coiiects , maintains and reports usage and
failure data on h i gh cost or c r i t ica l  ser ia l ized corn-
ponents ident i f ied by the system manager for actuarial
stud i es.

D060 Microfilm Mechanized Engineering Data for Automated
Log istIcs Systems .

Status: Operational
Use: Provides ALCs , Air Force Bases , and stations with

eng ineering data requ i red to support their mission
through the med i um of mi crofilm aperture cards (PCAM

System). Eng i neering Data Requisition and I ndex System ,
DAR LOG-MM O/D7 4- IOO , If approved , w i l l  replace D060. S

DI94D Mechanized Support Items List.
Status : Under Development - -

Use: Support of F-15 Weapon System Manager to accomplish
provisioning, management information , and histor ica l
informat ion storage and retrieval.

0220 AFLC Provisioning System.
Status : Under development
Use: A nenagement system for determining and ac quiring

th. range and quantit y of spare/repair parts necessary
to support the equipmen t for an initial operat ional

support period .
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FO lO Technical Training Management Informat ion System
(TRAt.uS).

Status : Operational
Use: TRAMIS is an automated techn i cal training

— subsystem of the Advanced Personnel Data System (ADPS)
to provide capabilities for central control of re-
qu lrements and allocations of training quotas for al l
Air Training Command (ATC) technical training courses
from a central training quota bank.

F- 776 Computer Directed Training System (CDTS)

— 
Status : Operational

Use: A system defined as using the capabilities of a 
S

computer to present Instructional material to trainees
who Interact via a remote terminal device. The system
is currentl y operated as an on-l ine B3500 System.

G008 Solid Propellant Rocket Motor Test System
Status : Operational
Use: The system acquires and reduces data derived from
the test ing of rocket motors and explos ive components.
The reduced data are used for eng ineering eva luation of
service l i f e  extension and weapon system modi f ica t ion.

G O I2 Computat ion Support For CREATE Eng ineer Computations
Status: Operat i onal
Use: This Is a t ime-sharing system to support wo rk loads
of the eng ineers and technicians of AFLC. This includes
engineering design , both computational and log ica l selection
techniques ; information ret r ieval  such as creation , storage
and access of data banks; analysis of eng ineering problems S

to determine current perforrnance ,past trend and future
projections; reliability techniques ; and mathematical ,
physica l , and social sciences as they relate to eng i neering
integrated systems .
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GO I 2A Computation Support For CREATE Log i s t i cs  Research.
Status : Operational
Use: This is a time—sharing system to support log i stics
research work loads wh ich Includes: programming, debugging
and testing mathematical and simulation models of log is-
tics processes and procedures; performing statistical ,
graphical , and other analysis of collected historical
data; and providing computational support for the app llca-
tion of various Operations Research , Mathematical and
Sta t i s t i ca l  Techniques.

002 6 Mater ial  Imp rovement P roj ect (M IP) Status Report.
Status : Operational
Use: The mat erici improvement project system provides
for the processing of status records on MI Ps es tab l ished
as a result of deficiencies reported on Air Force equip-
ment In accordance with T .O. 00350-54 and AFM 66—I .

0047 Automatic Test Equipment Support .
Status : Operational
Use: This system prov i des computer aided support to

Mission Programming organizations during preparation
of correction of ATE test programs . Also maintenance
of ATE support softwa re used to develop or compile
test programs . System is currently being supported

on various computers at the ALCs and at AGMC on
360/50 and B3500. RJE terminals to be linked to
OOAL C 360/65 from each ALC are being acqu ired as the 

S

standard computer equipment to support the ALCs ATE
requirements. AGMC Support will continue on 360/50/B3500.

G081 C-5 Malfunction Detection Anal ysis and Recording System -

Ground Processing Segment (MADARS /GPS ).

S Status : Operational
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Use: System provides inf light aircraft status and
trouble shooting information while generating a per-
manen t record of LRU status. MADA RS shows current
pe rformance of selected systems, performs eng ine
health diagnosis , i dentifIes discrepant LRUs , records
t rend data , determines its C-5A health , calibrates
the total monitoring system and provides for data
storage and retr ieval .  A ground computer system
process infli ght data recorded on tapes , evaluates
the trend data , m d  develops programs to utilize the
experience data.

0086A Individu al Aircraft Service Life Mon i toring Program.
Status : Operational
Use: System is des i gned to process individual airc raft
fli ght ut ilization , t ranscribed manually, describing
mission profiles. Data are key punched and processed ,
fatigue damage is calculated based on damage rate tables
obtained from cyclic test results. Information which -

‘

reflect indiv idua l aircraft fatigue damage by serial

number Is produced for use by the Aircraft Structural
Integrity Program (ASIP) to schedule inspections ,
repa i rs/modifications or phase out of the aircraft.

00868 Serv i ce Loads and Life History Recorder Program.
Status: Operational
Use: System is des i gned to process f l i ght recorder data
reflecting aircraft operational flight conditions. Data
are used to assess the validity of the aircraft operational
environment and assoc i ated l oads wh i ch were used in i tial l y
to perform parametric anal yses and to develop damage co-
efficients. Data are collected via several different air-

borne recorder systems .

G086C Exceedance Counter Program.
Status: Operational
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Use: System utilizes data collected from aircraft
equi pped with 0-load count i ng systems. Data are
collected by ground personnel after each flight
or a specified time perio d and sent to OCALC for S

editing and processing. Fat i gue damage is calculated
and information produced for use uy the ASIP.

G086D ASIP For Landing Gear. S

Status: Operational

Use: System is des i gned to provide fati gue damage
info rmat ion on landing gear components . ThIs is
accomp lished by collecting recorder data , reduc Ing the
data to define l anding spectrums and computing fatigue
damage at critical points by mission segment. Mathematical
anal ysis of reduced recorder data and fatigue damage are
accomplished to prov i de management data.

0089 Damage Tolerance Analysi s.

Status: Under development
Use: Provides for use of a series of batch programs to
isolate critical areas in an aircraft Structure and

predict crack propaga tion rates for a given operating

environment. One of those programs w i l l  also p rovi de S

ALC System Managers with an analysis of complex genera l
structure problems as they occur.

0095 Flight Safety Prediction Technique.
Status : Operation al

Use: Provides a means to assess /determine the safety of
aerospace systems before acciden is occur.

0097 Elapsed Time Ind i cator/Event Counter Data Collect i on and
Ut ilizat ion

Status : Operationa l

Use: To collect and assimilate data from which true
causes of failure of elapsed tim . indicator/even counter
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equipped items can be determined/developed and operated
only at OCALC.

0337 Cyclic Reporting and Fati gue Tracking - F-IO 0  Eng ine
Modules.
Status: Operat i onal
Use: ThIs system provides cyclic reporting and

S fatigue t racking for F- I OO engine modules and
selected life-limited engine components.

Each of these systems provides a source of information and each has estab-
lished a historical fil e of the type of data the system was designed to
p rocess. As pr eviously stated , the identif i cation of data that are useful
and usable in the design p rocess Is largel y dependen t upon ind Ividual judge-
ments. The systems ident ified are not all of the systems operated by AFLC.
They represent those , in our judgement , that may provide the most usefu l
information to the des i gn eng i neer. Herein would appear to be a major step
toward the “bridge ’ between the AFSC design—oriented eng inee rs and the
AFLC System improvement eng i neers (Reference Department of the Air Force

Memorandum for Vice-Chief  of Staf f , Subject: Ins t i tu t ional izat ion of L i fe
Cycle Cos t and Other Logist ics Considerations In Program Management , dated
2 3 January $978) . The data systems described are obvious l y sy-;tems-improve-

ment oriented. These systems collectively provide an inva luca b le source for
“lessons learned” in terms of good performance versus poor , or hi gh versus
low LSC for weapons systems , subsystems end components. These systems are
in addit ion to the primary data systems such as the DO 56 , KO 5 I~ H036B ,
H-i2 9 and OSCR.

A FALD PAMPHLET 800-4
The most recent data base development was accomplished by the Ai r Force

Acqu is it ion Logis t ics  D iv i s ion  (AFA LD) , and the data base contents were
published In AFALD PAMPHLET 800-4, Acquisition Management Aircraft Historical
Reliability and Main tainability Data , dated September 1978 .

The data were compiled for the majority of the aircraft currently in the
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A i r  Force inventory covering a 6 year period (except those entering the
inventory during the period covered) from I Apr i l  1972 through 3 % March

1978. The data are presented at the two-di git work uni t code leve l in
six month increments by type aircraft using the standard MDS groupings.
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S E C T I O N  I V

MAJOR DATA SOURCES OTHER THAN AIR FORCE

GENERA L

It sometime s become s d i f f icu l t  to d is t inguish between a data source
and a p rogram that has been developed to process , anal yze, integrate ,
and reformat data from other data systems to serve a specIfic need. The
information provided as output from such programs could be considered a
data source if the informat i on is useful and usable to the des ign process.

The programs identif ied in this sect ion were developed to support
specific needs as a part of recent data base development efforts. Each of
these p rograms represent some form of a data base and could be d rawn upon
as a data source if and when needed.

ARMY DATA

THE ARMY MAINTENANCE MANAGEMENT SYSTEM (TAMMS)

TAMMS is very similar to the Air Force MDCS. Although the forms used

to reco rd the maintenance data are different from the A FTO Form 349 , the
data elements used are comparable except for the Ai r  Force MCS d~ elements .
The TAMMS co l lects data on most equipment mainta ined by the Army . Recentl y
however, the reporting of organizational level (unit level) maintenance has

been eliminated on equipment other than aircraft. Complete reporting for
aircraft maintenance is still required . On equipment other than aircraf t ,
only intermediate and depot level maintenance is reported.

All TAMMS data worldwide is processed at the Army Maintenance Manage-
ment Center , Lexington Bluegrass Army Depot , U.S. Army Material/Development
and Read i ness Command (DARCOM), Lexington , Xy.

At the organizat ional leve l , the Army has imp lemented a sampling pro-
gram to obtain maintenance data on selected equi pment. The objective of
this program is to obtain the data requIred to assess the performance ,
effectiveness , reliability , ma intainability , availab il ity , life cycle
cost and support of the equipment selected for sampling. Reporting under

Sample Data Collection (SDC) is in accordance with Army Regulat i on 750-37.
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L O G I S T I C S  SUPPORT ANALYSIS  C O M P U T E R I Z E D  PROGRAM

In addit ion to the TAMMS , the Army has developed a very compre-
hensive Log istics Support Analysis Computerized Program designed around
the requirements of MIL-STD- 1 388-i . This system w i l l  accept and process
all data required to complete the LSARs in the formats prescribed by
M IL -S T D- I- I3 88 - I , data sheets A through H. The Army Material Command
(AMC) Guide to Logis tics Analys is ,AMC Pamphlet 760-16 , describes the
LSA /LSA R P rocedures. The A i r  Force is cur rently using the Army LSA/LSAR
Program on ten (10) maJor weapon system acquisition programs . Each of

these systems represent a valuable source of data for the establishment of
a historical data base to be used in the comparability analysis of future

p rocurement of comparab le or similar systems , subsystems and components.
Of part icu )ar value is the task anal ysis and support equipment requirements
generated ‘through the contractor ’ s LSA/LSAR ’ s.

NAVY DATA
S NAVAL AVIATION MA INTENANCE PROGRAM (NAMP )

The Navy Maintenance Data Systsm is  the most comp l ex and detailed of
the three services. The NAMP System is described in Navy Manual OPNAVINST

4790-2A , Volumes I , II and I l l.  Voiume I out l ines po l i c ies , concept ,
o rganization , and respons i b i l i t i e s .  Volume Ii contains the Maintenance
Support P rocedures , and Vo lume I I I  includes the detai led recording and
reporting instructions , record formats , and codes. The Navy System , as
the Army TAMMS , does no t col lec t crew s i ze inform ation . i t  does col l ec t

Ela psed Maintenance Time (EMT), and task man-hours. The crew size , there-

fore , can be derived by dividi n g the MMH/Task by the EMT . The elapsed

task time and crew size info rmation is significant for maintainability

anal ysis. This provides a capability to distinguish between maintain-

ability characteristics and reliability (frequency at wh i ch the maintenance

must be perfo rmed). Given that accessibility is not a p rob l em , the mean

elapsed task time and crew size describe the m ai n tainability characteristics

as opposed to the MMH/FH which also includes reliability (the frequency

of the maintenance performed). Maintenance man-hours per flig ht hour ,
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therefore , is not a measure of the main ta inab i l i t y  cha rac te r i s t i cs  but
is more accurately an index of both the maintainability and re i i a b i i l ty S

characteristics.

VAMOSC AIR

The Navy , as has the Air Force , developed a VAMOSC AIR (Vi si bil i ty

and Management of Support Costs) for ob tain ing to tal ai r  veh ic le  operat ing

Costs data and is applicable to both Navy and Marin e Corps aircraft weapons

systems by type/modei/ series (T/M/S). There are two Independent data bases

in the VAMOSC A IR; The Total Support System (TSS) and the Maintenance

Subsystem (MS).

Total Support System (TSS)

The TSS use s a top-down approach wh i ch develops selected costs of
ownersh Ip of ind iv idua l  a i r c r a f t  by T/M/S (fo r example the F - i4A )  to
the exten t that current reporting systems allow . Thirteen data sources ,

Includ i ng seven wh i ch provide data manuall y on har d-copy f o r m s , are input

to the TSS. The cost data are presented in s i x  major categories , a n d  
S

summarized into T/M/S total.

Maintenance Subsyst .m (MS)

The MS uses the bottoms-up approach wh i ch addresses direct main-

tenance and material costs b y individua l T/M/S. These costs are aggre-

gated at the aircr aft system (two dig it WUC level) for summary reports.

For examp le , summary reports provide costs displayed by the a irframe ,

fuselage , land i ng gear , flight controls , etc., for the F- I4A .

PURPOSE/UTILITY OF VAMOSC A I R  S

VAMO SC A I R  was established under the guidel ines of the DOD Managemen t

by Objectives Programs of FY 75 (Objective 3, Act i on 12) and FY 76
(Objective 9, Act ion  2 ) .Each serv ice  was directed to develop and Implement 

S

a cost-effective system to do the following things:

I .  Identif y ma intenance and operat i ons costs by weapon

system
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2. Demonstrate the utility of service-developed operating

and support information for weapon system acquisition

and log ist ics planning decisions us i ng existing data sources.

3. To be more detailed for the maintenance function .

While there undoubtedl y w i l l  be differences in the experience data from
the Army TAMMS and Navy NAMP Systems due to operational concepts ,

maintenance pol ic ies , and environment, these data sources should not be
discounted for their value. Action should be taken to obtain histories

on aircraft currentl y in service as a part of the historical data base

to support the acquisit ion process in the Air  Force. Such data could be

extremely useful in determining factors for adjusting for differences
in environments , geograph i cal locations , and maintenance/operational S

concepts and policy .

COMMER C IAL AIR CRAFT MAINTENANCE COST DATA

Direct operating cost data for comerclal airc raft are availabl e

from various sources, the prime source being the Ci vdl Aeronautics Board
— (CAB) Fo rm 4 1 data. The CAB data base is an on-line data base available

* to all users of the Shar p API. System , l.P. Sharp Associates , who prepa re
the operating cost data summaries published periodicall y in  Aviation Week

and Space Technology on a quarterl y basis. S

CIVIL AERONAUTIC S BOARD FORM 41

8 CAB Form 4$ reports are submitted to the CAB in Washington , D. C. by

all U. S. air carr iers on a monthly and quarterly basis. The data are com-

prised of the balance sheet , expense, revenue and traffic statistics by

type of aircraft , type of serv i ce, and airport , of over 60 carriers in

considerable detai l .  In al l , there are about 300 ,000 time series associated
with the data base, and It occupies about 25 m i l l i on  bytes of disc storage.

L 

While the commercial operating cost data cannot be directly related

to Air Force operat i ng cost data , relative comparisons can be made. Some

of the prob lems associated wi th compar ing operat ional support costs between
commercial and military aircraft are presented in detai l  in A i r  Force Fl ight
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Dynamics Laboratory (AFFDL) reports AFFDL-TR-75-64, Jul y $975 and AFFDL-
TR-75- 147, A pril 1976. The data does no t exis t , however, and should not
be i gnored as an existing data source.

A l RFRAME/ENG I NE/AV I ONICS MANUFACTURERS

Each manufac turer has developed a data base for use in performing
reliabili ty , ma inta in ab il ity , t rade studie s, and cost studies for equip-
ment which they manufacture. Most all of them use the A ir Force DO 56E
and/or KO 51 data to some degree . in addition to this experience data , S

each manufacturer will have an engineer i ng data f i l e  relative to design,
deve i opment , test and production on the equ i pment the company produces.
This informat i on may or may not be filed in an automated retrieval system.

These data bases are used riot onl y in conducting conceptual des i gn studies
but are also used in performing I ndependent research and development.
Typ ical of such uses are : noi se generation and reduct i on ; high lift

technology; development of high performance In foils; basic characterization

of new ma ter ia l s , composI tes, and metals; and wind tunnel testing (to

name a few).
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SECT I ON V

HUMAN RESOURCE TECHNOLOG IE S

GENERA L

Sect i ons II , III , and IV i dentified and discussed source data and

data systems that are availabl e and current l y in use. That is , historica l

data on existing weapon systems that are collected and processed by data

systems , and utilized by operational , logistics , and R~D organizations
of the Air Force. More preva l ent and effective use of these data in the

desi gn/development of new weapon systems is needed . The remainder of

this report I dentifies and discusses technologies developed to generate

new HRD to Influence the desi gn of new weapon systems. Some of these

technolog i es make use of the source data and data systems discussed earlier.

Section V identifies and briefly discusses research st’Ud ies and

current literature directed toward understanding the relationship between

human resource and complex hardware systems . A common object i ve of past

research on human resources in system design has been to develop techniques

and methods to integrate activities which create demand for skilled huma n

resources (system hardware development) and those wh i ch supply huma n re-

sources (manpower , personnel , and training) . In other words , these studies
attempt to make it possible for human resource factors (manpower, personnel ,
and training) to have an influence on the ha rdware devel opment process as

wel l as to be influenced by it.

The approach used was to conduct a l i terature search and attempt to
identify relevant works and supporting data. These works are grouped into
categories and briefly discussed . The categories of works discussed are
as follows :

e Human Resources as Desig n Constrain ts

• Computerized Human Resources Data for Systems

Desi gn

• Human Resource Requirement Prediction (Analytica l
Techn i ques)
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• Human Resource Requirement Prediction (Simulation

Techn i ques)

• Human Resource Design Handbooks and Related

Documentation S

A bibliography for each category is prov i ded at the end of this report .

HUMAN RESOURCES AS DESIGN CONE INTS

Many studies sponsored by the Department of De4
~ nse have attempted

to prov i de a better understanding of the des. i pro iS , the des i gner , S

and the relationships between desi gn alternatives and human resource re-

quirements. Hannah (1965) provided si gnificant ins i ght to the system

design process relative to the manne r and timing for using HRD in des ign. S

Hannah ’s work was tailored to the process described In AFSC Manual 375-5,

wh i ch was cancelled In 1973 and replaced with AFSC 800-series documents.

Other Important works lIsted in the bib li og raphy address human performance ,

human re l iabi l i ty, trainIng, performance aids , maintenance task analys is ,

and other topics as they relate to system des i gn .

USE AND I MPACT OF HRD IN DESIGN

DurIng the period 1 966- 197 1 , Melster completed s ix  important studies.
The first two (.1966- 1967) InvestI gated the use of human resources data by
des i gn engineers. The th i rd one (1968) i nvestigated the Impact that

human resources data generally has in terms of InfluencIng the des i gn of

system hardware . The fourth , conducted in i969 , investi gated the des ign

eng ineers concept of the relationshi p between equipment design characteris-

tics and the skill levels required by maintenance technicians. The fifth

study , conducted in 1969, exp lored the influence of human resources data
on system desi gn in terms of the amount , qua l i t y  and t iming (ava i lab i l i t y )
of the data. The s ix th study , conducted In 1 971 , investigated the relat ion-
ship between system design and the training requirements for and job

perfo rmance of maintenance technicians.

The works of Meister resulted In valuab le knowledge and insIg hts
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about how desi gners perce ive human resource factors , and how HRD are
and can be used in system hardware design. A primary object ive of his
studies was to determine the feas ib i l i t y  of using human resource para-
meters to constrain the desi gn of system equipment. That is , to
establish human resource “des i gn to” constraints in the same manner as

performance “desi gn to” constraints are used . It was found that (a)
HRD is used by des i gners but the influence on design varies considerably;

(b) the extent to wh i ch HRD Influences des i gn Is a function of the

quantity, qual i ty and t iming of the data avai lab le to designers ; and (c)
it was not feasible to establish human resource “desi gn to” constralnts ,

due primarily to the d i f f icu lty  in accurately projecting future manpower
ava ilabi flty.

HRD IN D ESIGN TRADE-OFFS

Other research efforts have focused on the considerat i on of human
resources in trade-off stud i es that are accomplished during the early

stages of weapon system design. A common emphasis in these efforts
was to identif y and Investi gate decision points and trade—offs that

occur in the system des ign/development process. A primary object ive was
to investigate the extent to wh i ch HRD , if properly used in des i gn trade-
of f s , would potentially influence the des i gn decisions for system equip- • 1
ment. 

S I

Lintz ( 1 97 1) investi gated the character ist ics of desi gn trade studies
and the ut i l i ty  of HRD in these studies . He concluded that the greatest

variability in trades is the cho i ce of parameters , wei ghting of parameters ,
methods of normalizing parametric data , methods of combining pa rametric
data , and wei ghting factors. He further concluded that under controlled
conditions eng i neers will use HRD in trade—offs , and that personnel costs S

and quantities are given more weight than skill types , skill levels and

availability of personnel. The more de ta i l ed  the HRD the more wei ght it
receives. In two other stud ies Lintz (1973) explored the relat i onships

between equipment character is t ics  and selected human resource factors -.

including training cost , training dIff icul ty and job performance. Step-
wise regression and factor analysis techniques were used to derive equations

7,
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to p redict maintenance time , training time , training equipment costs , etc.
using equipment des ign character ist ics.  Factors of length of check-out ,
equipment complexity, check-out difficul ty , non-automatic check-out ,
diagnostic information, and clar i ty of procedures were cons i dered . The

study showed that i t  Is possib le to use this approach to generate HRD
that are useful and usable in des i gn trade studies.

in pa rallel with the stud ies of Lintz a method cal l ed Design Option

Decision Tree (DODI) was being developed by Askren (1971). A summary of
nume rous 0001 studies is provided by Askren (1976) . The 0001 graphical ly
depicts the sequence of engIneering decisions required as a particu lar

subsystem des i gn evolves. The method also depicts the key des i gn options
that may be available at each decision point. It was shown that It is
possible to develop DODT’s for major subsystems well in advance of the

time that the actual des ign ac t i v i t y  occurs . The DODIs were developed
to a hardware level involving maintenance operations. Psychometric scal ing
methods using experienced maintenance technicians were employed to measure

the sensitivity of different HRD to different desi gn trade-off prob l ems.

it  was concluded that the followi ng human resources data were useful as
criteria for consideration in desi gn trade—offs:

I. Manpower Quantity
2. Technician Skill Level
3. TechnicIan Job Special ty
4. Personnel Dollar Cost

5. Type and Amount of Training

6. Task Perfo rmance Time
7. Job Dif f icu l ty
8. Personne l Turnove r Rate

As in previous studies It was found that the amount and t iming of relevant
HRD provided to the des ign eng ineers are cr i t ica l. When provided qual i ty ,
relevant , and timely HRD , the des igner is w i l l i ng  to consider human resource
factors in the des ign t rade-offs.

Potter (1975) conducted a major study to further develop , Implement ,
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and eva l uate the use of DODTs in the des ign process. This work again con-
S firmed the feasibility of using DODIs as a mechanism to i ncorporate HRD —

into the des i gn process. At present there appears to be ample evidence

that DODTs can be developed and utilized to enable HRD to influence the
des ign process. The major constraint appears to be the lack of generic

(or specific) DODTs developed for the multi p le subsystems i nvolved in
various types of different weapon systems. Another major constra i nt is

the lack of quantified HRD to accompany these undeveloped DODTs.

Baran (1974) provides an excellent summary of current efforts and
state of technology In the area of military personne l costing. A l l of
the wo rks referenced above have contributed to the development of an
improved Air Force capability to predict human resource requirements ,
the availability of specified personnel resources , and the cost of these

F resources. Table 5 provides a cross-reference between the authors and
areas of emphasis of the referenced work and those in the bibliograp hy
at the end of this report.

COMPUTERIZED HUMAN RESOURCES DATA FOR SYSTEM DES IGN
In the earl y 1960s , a p i oneering work was initiated to computerize

HRO for use in the system des i gn process. This work by Reed (1963)
utilized earlier work by Miller (1953), Shapero (1959), Snyder (1960)

and others who deve loped methods for analyzing HRD in system design.
Furthe r work by Hannah (1965) was used by Wh l teman (1965), Potter (1966)
and Tu lley (1967) to further develop computerized handling of HRD for use
in system design. Reardon (1968) developed user operating guides for
computerized HRD handling and uti l ization in the system design process.

The above works first described the generation , use and flow of human
resources data in the aerospace system desIgn and development process.
Networks and flow diagrams were developed showing inputs ..nd outputs of
specif ic data , and the relationsh i ps to functional anal ysis , specIfications ,

task ana lysis , REM , personne l requirements , training and training equipment ,
and maintenance manuals . Oiler (1968) prov ided vocabulary and thesaurus

~~
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TABLE 5. USE OF HRD IN SYSTEM DESIGN

Areas of emphasis
L in I)a ~) c
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Askren X X X X F
Baran X
Barnes X
Coiwell X
Cors i X
Grinold X
Hannah X
King X
Lintz X X X X X
Meister X X X X X
Potter X X
Snyder X
Thomas X X

techniques for a user-oriented data handling system. Later , a computerized

data handling system to store , retrieve , and process HRD in a user-oriented
environment was implemented through a Pilot Study Experimental System.

During the 7 year period 1968-1975 the Air Force emphasis on use of
computer methods sh i fted to prediction of human resource requirements by
means of computer simulation techniques . As a result , the Logistics Con-

posi te Model (LCOM) has emerged as one of the most successful and widely
used systems for predicting human resource requirements. During the 1970s
the Ar my LSA/LSAR p rograms , based upon MI L-STD - 1 388, also emerged as one

of the most promising systems of computerized HRD for use In weapon system
des ign.

For the past several years the AFHRL has been working on Project 1959 ,

— 
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Advanced Systems for Human Resources Support of Weapon Systems Develop-
ment. A primary objective of this project is to demonstrate the technical

feasibility of methodologies geared to reduce the system ownershi p cost

of new weapon systems . Part of Project 1959 , an important study by 
S

Goclowski (1978), resulted in development of a methodology for integrating
fi ve human resource technolog ies. The five technolog ies i nvolved are:
Mainten ance Manpower Mode ling (MMM , also known as LCOM) , Instruct ional
System Deve l opment (ISD) , Job Guide Development (JGD), System Ownership
Costing (SOC), and Human Resources In Des i gn Trade-Off’s (HRDT) . in the
past these technolog ies have been individuall y app lied at dif ferent stages
and by differen t groups during weapon system development. The methodoiogy
deve l oped by Goclowski is called the Coord i nated Human Resources Technology
(CHRT). The CHRT defines the s im i l a r i t i es  of the f ive technolog ies ,
integrates and coordinates their applicatIon in the system des i gn process ,
and establishes a specificaUon for a Consolidated Data Base (CDB) required
to support the appl icat ion of the CHRT.

The CDB is intended to support each of the f ive technolog ies , thus
avoiding the need for a separate data set for each one. The CDB specifica-
tion developed by Goclowski describes the input and output data , the associ-
ated sources, the processes , and the interfaces of the COB with the CHRT.

The major  categories  of da ta stored in the COB relate to reliability, main-
ta lnab i l i ty , maintenance manpower , operations manpower , training and job
guides for both maintenan ce and operations , and system ownershi p cost.
The COB , as developed , is unique to each weapon system. That is , a CDB
would be developed for each new weapon system under development. The CDB
expands in detail wi th tim, as the weapon system acquisition cycle p ro-
gresses.

To a large degree the CDB , as developed , would contain the same data
inc l uded in the LSAR derived from implementing MIL-STD- 1 388. If current

Air Force emphasis on the use of LSARs continues , every effort should be
made to Insure that COB specifications are con~ist.nt with MIL STD I388.

In this way , the LSAR could be used to support CHRT , R&M , parametric
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est imat ing relationships , LCC and other program efforts. Stated another
way , wi th  consistency and compatib i l i ty between CHRT (and other human
resource related technologies) and LSAR , these technolog ies w i l l  be more
useful and usable In support of the overall weapon system program.

Table 6 provides a cross-reference between authors and areas of
emphasis in the reports listed as references or in the bibliography.

TABLE 6. COMPUTERIZED HRD IN SYSTEM DESIGN

Areas of Emphas is
Author System Task Software Data Data integration ~f S

desig~ analysis technique input thesaurus technologies

Goclowskl X X X X
Hannah X
Miller X
O iler X
Potter K
Reardon X
Reed X X
Snyder X
Shapero X
Tu liey X
Wh itenan K K K
Wi lson X X
aMeintenance manpower mode ling, human resources In design t rade—o f~s ,

Instructional system development , job guIde development , and system
ownership costing.

HUMAN RESOURCE REQU I REMENTS P R E D I C T I O N

(ANALYT ICAL TECHN IQUES)

Throughout the past f i f teen years considerable work was accom plished
wi th  analyt ical techniques to i mprove capabilities to predict huma n resource
factors as a function of desi gn. The development of Cost Estimating
Relationship (CER) and Parametric Estimating Relations hip (PER) models offer

great potential for creating HRD that are particularly useful during the

early phases of system desi gn. Early application of CER/PER models would
permit estab lishment of init ia l  baseline cost estimates us i ng onl y top level
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system design or performance character i s t ics of a p roposed weapon system
whe n l i t t l e  else is know n about i t .

D I S C U S S I O N  OF CER/PER MODELS

CER and PER models are mathematical equations , derived by s t a t i s t i ca l
r eg re s s ion , to f i t  cos t or other parametr ic data on ex is t ing  s im i l a r  systems
to the data that reflect phys ical or environmental properties of the new
system under development. CER and PER models can be used earl y in the
conceptual and prel iminary desi gn stages of RDT&E to compare al ternat ive
des ign approaches on the basis of human resource requirements and costs.

Severa l CER and PER development efforts were identified in this

study . The results of these studies , discussed below , are believed to

be representative of the work that has been done in this area:
I. AFAPL—T R— 75—88 , Parts I and II , Ai rcra f t  P ropulsion

Subsystem Integration Cost Model , October 1 975 .

2. AFAL-TR- 78-49 , Predict ive Operations and Maintenance Cos t
Model , August 19 78.

3. AFFD L-Contract No. F336 15- 76-C— 3056 , Modular L i fe  Cycle Cost 
S

Model for Advanced A i rc ra f t  Systems , July, 19 79.

4. DOD-Contract Number DAHC-I5-72—C-OO52 , Tact ica l  Fi ghter A i rc ra f t

S 
Maintenance Characteristics Study , Volumes I through IV ,
June 1974 .

5. NAVY-Contract No. NOO I 4O-76-C-0025, Aircraft Maintenance

Experience Des i gn Handbook , September 1977. (Note: Condensed

maintainability predictive techniques are Included in the

Society of Log is t i cs  Eng ineers International Symposium
Proceedings , 22-2 4 August 1 978) .

6. IR & D  Proj ect 78D66 I , Lockheed-Georgia Co., Imp roved Cost of
Ownership Estimating Techn i ques , March 1978.

7.  C S M / S M /7 58-3 ,  EvaluatIon of F-I5 Operations and Maintenance S

Costs Based on Anal ysis of Category II Test P rogram Ma intenance

Data , August 1975 .
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Sample Data Col lect ion (SDC) is in accordance wi th  Ar my Regulation 750-37.
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CER/PER L I M I T A T I ONS

The re are severa l disadvant ages of CER /PER models wh ich l im i t  their
use. First , they cannot produce reliable results for radical ly new
system technology . Even when used on systems wh ich are not radical l y
different from their predecessors , there are econom ic t rends , cos t

ratios , design p ractices , and O&S precepts which are changin g continuall y
but are not exp l i c i t l y  accounted for in the models. This causes the
relationshi p between the new system and CER/PER to be less accurate ,
necessitat ing use of compensating fac tors which are often su bject ive in
nature. When separate est im ates are required for such system elements
as built—in test equipment , tooling, spares , fuel , or pay and all~~ances

— of enlisted personnel , CER /PER models e ither fa i l  or become hi ghl y detai led
est imat ion methods which rely on much greater detai led information , In
genera l , the finer the deta i l s  that must be separately estimated , the
more expensive it is to develop the needed CER /PE R model. The most

important disadvantage is that rust published works do not Include total
O&S cost. At te m pts to include OSS costs have genera r l y resulted in ( I )
the incorporation of pa rameters which are d i f f i cu l t  or impossible to
cost , and (2) the massing of so much detai l  that many spec i f ics  of desi gn

are required , thus delay ing the actual CER /PER app l ica t ion unt i l  la ter
in the acquisition process. Althoug h there are limitations in using CER/

PER models , they s t i l l  represent the most promising technology for con-
sidering human resource factors early in system des ign. Norma lly, a new
weapon system development program w i l l  not represent a radical departure

-

. 
from current state of art technology . In fact , such programs s t r i ve  to
avoid inco rporation of major step functions in advanced technology due to
the associated schedule and cost r isks . Moreover , when est I mat Ing relation-
ships are deve loped from h is tor ica l  data for mature a i rc ra f t  systems the

regression equations inhe rently include technology improvements. ThIs is
due to the fact that as a weapon system is operationall y used , defi ciencies
caused by technology , des i gn , and/or threats are corrected over time

through in-servIce modi f icat ions.  The basic re lat ionshi ps (CER/PER) to
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the desi gn or performance character is t ics  would , therefore , auto mat ica l i~
provide the necessary adjustment factor wh i ch can be used in the des i gn

trade—off decision .

CER/PER APPROACHES

Two of the studies identified above introduce “imp rovement factors ’
for adj ust ing the parametr ic est imates obtained. These “improvement fac tors ’
are based upon the advanced technology , or technology Improvements in-

corporated into the new system desi gn. At best these ‘ improvement factors ’’
are total ly quant i f iab le and object ivel y /systemat ica l l y establ ished.  Un-
fortunately, in the real—time world , these factors must be established by
individua l judgements which may vary considerab ly between eng ineers. Based
upon the discussion above 1 the use of so—ca l led  “ imp rovement factors ” are
therefore unnecessary and introduce bias (double counting) in the estima te.

This conclus i on was substantiated i n  the Lockheed iR~D Project 78D66).

Another major d i f fe rence in the CER /PER approaches used is in more
than one type of aircraft , or “mixing ” aircraft by type . For example ,

some approaches combine fighter and cargo type aircraft data to establ ish

a CER /PER while others do not. Due to the diffe rences in mission , ~ti iI za-

t ion , and env i ronment , the des i gn or performance character is t ics  cannot be
comparable between di f ferent type a i rcraf t . Neither w i l l  the magnitude of
the MMH/FH or Cost/ FM be the same at given levels of u t i l i za t ion  for f ighter
as for bombe r or cargo type aircraft.

EXAMPLE OF PER MODEL

While the effect of utilization was recognized in some of the above

cas es , no attemp t was made to normalize the data to a specified level of

utilization except in the Lockheed IR~D p roject. One of the problems

encountered with the use of AFR i73 -IO Cost Factors is that no allowances

are provided for the effects of util i zation , altho ugh base material cost ,

base level MM H /FH , and other factors are known to be Influenced by

utilization. Despite the Inability to allow for variations in utilization ,

it is possible to develop realistic and accurate parametric estimat ing
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relationships using the Lockheed approach. Fi gures 9 through I4 Ilius -

tra t~ the feasibility of deve l oping r ea l i s t i c  parametr ic es t imat ing
re la t ionsh ips  for cargo a i rc ra ft  using top- level  system des i gn parameters.

FI gure 15 portrays the specific parameters used . A total of 85 var iables
in the data base were used to develop the estimating relationships for

the s ix categor ies i den t i f i ed  in Fi gure s  9 through 14.

Fig ure 9 presents only the independent variables selected by the

regression analysis program for the six categories represented . The

“X V ariable Number” column in Figure 9 I dentifies the specific parameter

numbers reflected as the X Variables in Figures 9 throug h 14. The

“Run N umber ” shown in these figures identif y the type aircraft i.e.;

C-5A , C-7A , C- II BA , C— 11 9G , C-123B , C-124C , C-I3OE , VC- l35B , VC- i4OB ,

and C- 141A .

HUMAN RESOURCE REQU I REMENTS PREDICT I ON
(SIMULATION TECHN I QUES)

Dur i n g  the pas t ten years the use of compu ter s i m u l a t ion has been
increas in g l y used to predict integrated logistics support requirements

for weapon systems . A bibli ography showing many of the most relevant and

the freq uen t l y referenced documen ts in this area is provided at the end

of the report. Table 7 shows these reports cross-referenced to the area of

emphasis in each report . Although LCOM Is by fa r  the mos t cur ren t and
frequently used technique in the Air Force , several other i mportant

si mulation techni ques and models are available for predic ting human re-

source require ments associated with weapon systems . Army and Navy models

generally utilize the data bases discussed in Section IV of this report.

Several of the models shown in Table 7 should be carefully Invest i gated

in follow-on research work directed toward development of a UDB. Of

par ticular interest are skill projection , personnel/perfo rmance/crew size ,

a d  leve l of repair models.

L-: )M MODEL

~~~~~~ LCOM is a system of computer models desi gned to apply simulatIon

‘~~~‘~‘ i iwss to stud ies concerning the Air Force base level funct i ons , e.g.,
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maintenance , operations , supp l y, etc. It permits a systemat ic approach
to analys is of the support requirements for comp l ete weapon systems by

ana l yzing the impact of support resource shortages on the operational
status of the weapon system. Through simula tion , the best mix of resource

l evels that would effect i vel y support a g i ven weapon system flying pro-

gram is deteririned. The model I s  designed to process spares on an item-by-
i-tern basis , or , where the user is more concerned with operations , to
abstract the support system and treat an aggregate of spares In the form

of subsytems .

LCOM Programs: LCOM is a compos i te of three main programs wh i ch are

discussed in the following paragraphs: the pre-processing (Input) program ,

the main (simula tion) program , and the post-processor program.

The input program edits Input data and provides diagnostics where

inconsistencies in the data are found. It also serves as a sortie generator

permitting the user to specify a f l ying program that w i ll exercise the

support system in the simulation model. The f ly ng program is defined In
terms of missions requiring specific types and quantities of aircraft.

The main program consis ts of a simulation model and two anal yt ic
models C a forecast and a decision modei). The s imulat ion model is a

representation of the - environment that comprises the support system.

S Support response to the flying schedule is in terms of system malfunctions

or parts failures corresponding to those found In the reliabil ity data;

processing of the tasks which must be done for their correction ; demanding

the resources that are equired to do the tasks ; and the resulting Inter-

action of the resourc.~ avail ab ility in the demand process. The analytic

models serve to derive the requirement for resources to mainta in weapon

system operational effect i veness at a prescribed level through use of a S

ma rg inal u t i l i t y  attribute. These models el i mi na te the requirement to
make several trials with different combinat i ons of resource l evels to

determine a “best mix”.

The post-processor program provides time series graphs of the output

statistics and plàts of the tasks encountered by a particular aircraft .
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These graphs provide the change In  pe r formance ove r the total period

simulated or a comparison between two measures of performance , e.g., 
S

backorder rate and percent fill rate from supply.

Resources , includ i ng personnel , aircraft , par ts , equipme n t , f a c i l i t ies ,
are an integral part of LCOM Input requirements. During model operation ,

these resources may be consumed (parts), used and returned to a pool (men

and equipment) , or generated (repairable unit). Resource failure Is dl s— H
cerned by a counter which is set to a va lue  and subsequently decremented

- as events occur until the counter ’s value Is zero. Sufficien t latitude is H
S 

provided the user so that one may describe failure criteria in the model

to conform to the available data .

The LCOM simulat ion model is the most widely used model identified

in our research and has been used extens i vely In the development of man-

power standards at base l evel by the Air Force Maintenance and Suppl y

managemen t Eng ineering Team (AFMSMET) who , in  (9 7 7 ,  was assi gned the role

- of system caretaker. AFMSMET 5 responsibl e for the A i r  Force wide Im-
plemen tation and manpowe r usage of this model .

LCOM USE

Use of the LCOM simulation model in areas other than log is t ics was
S begun by the Tact ical Air Command (TAC ) in 1971. This introduced the man-

- power commun i ty to a tool that provided a significant aid in the development

of Air Force aircraf t maintenance manning standards. A l s o , LCOM s imu l a -

I tions allowed wartime manning standards to be evaluated in a manner not

I possible before. Severa l studies are currently underway by Major Commands

I for manning standards (either wartime or conventional) for various air-

I 
- 

craf t , i.e.; MAC ,C-5A , C- I4IA; AFTEC/TAC EF-HIA , E-11B; USAFE , RF—4C ,

f F — I I I E , F—leE; TAC , F-15; ASD , KC-135, A-IO , F—1 6; HQPACAF , F—leE.

I The Input data requirements to the LCOM simulation models are both

specific and detailed and are concerned wi th  the frequency and resource

I requirements of maintenance tasks. This information is currently beingr captured through the MDCS base leve l history tapes (ABD6DA) . The Common
- 
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Data Extraction Programs (CDEPs) were des i gned to provide this data

analysis and the resultan t data displays for i nput to LCOM . CDEP is a

system of six basic programs wh i ch operate Independentl y bu t in terface S

wi th each othe r to provide a full range of detailed data output products.

CDEP , l i k e  LCOM , was programmed to run on both Honeywell 600/6000 and

Contro l Data Corporation 6000/7000 SerIes Computers. AFSMET Report 78-4

describes the CDEP Standard Ve rs i on 1.1 that is currentl y available.

LCOM has tremendous potential to aid in the reduct i on of 0&S costs

i f  app l i ed  ea r ly  in the acquisition process. The work already accomplished

by the users of LCOM forms another data source which could be drawn upon

for comparability analysis and LCOM input data to support the acquis i t ion

of new equIpments.

f HUMA N RESOURCES DESIGN HANDBOOKS
AND RELATED DOCUMENTATION

There are nu merous textbooks, repor ts , etc. that address Human
Eng i neering (ergonomics , etc.) and provide desi gn cri teria for same .

: There are relatively few documents that provide specific design guidance 
S

and criteria for huma n resource factors (as used in this study) . Reed S

(1975) was the first to develop a prototype des i gn handbook for incorp—

orating HRD into the system design process. Reed ’s work was eva l ua ted F

by Meis ter (1976) and found to be quite relevant to current UDB deve l op-

men t interests. Future UDB efforts should carefull y review the above

works for applicability and further development , incorpora t ion , and

ut iizatlon .

A bibliograp hy of Department of Defense and Air Force documentation

related (direc tl y or Indirectly) to a U DB development Is provided at the

end of this report under Human Resources Des i gn Handbooks and Rela ted

Documentation.
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SECTION V I

LIFE CYCLE COST MODELS

GENERA L

The emphasis placed on LCC by the Department of Defense has re-

sulted In a proliferation of LCC models and applications. While it was

— i mpossible to obtain and address all of the current documentation on LCC ,

this Section addresses several of the more i mportant LCC models currently
in use.

NEED AND USES FOR LCC

THE N E E D  FOR L I F E  CYCLE COSTING

The LCC of a sys tem refers to the total cost to the Government of

a c q u i s i t ion and owr~e r sh i p of that system over its entire life . Generally,

the cost of operating and supporting a system after it Is put into use

is greater than the costs of initia ll y desi gni ng and procur ing the system ;

yet after the system is put into use , I t Is difficult to si gnificantly alter

OSS costs to be incurred . LCC p rograms are desi gned to reduce system and

equi pment O&S costs through a greater consideration and anal y s i s  of the
O&S i mp l i c a ti on of des i gn al ternatives. LCC , in order to have the greatest

ef fec t on subsequen t O&S cos ts , must be applied as early as possible in the

sys tem acquisition process.

During the acquisition process , many management systems and techno-

logies are in use. These include integr ated logistic support , reliability,

ma inta inability , repair leve l anal y s i s , inven tory managemen t , spares pro-

v i s i o n i n g ,  conf i guration con t ro l , management Information systems , sys tems
and va l ue eng ineering, resources conservation , cost-effectiveness , etc.

These approaches are closely inter- related , particularly in their common

application to the logistic support of the operating system. Life cycle

costing provides a method to balance each discipline with regard to total

system cost.

USES OF L I F E  CYCLE COSTING

The primary use of LCC models has been to assess the continuing
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vIabIlity of a system acquisition effort , I. e., whether to init i ate the

effort , continue Into the next acquisition phase , remaIn In the present

acqu i s i t i on  phase , or scrap the entire effort , is determined by a Defense

Systems Acquisition Review Council (DSARC). For major programs the

Request for Proposal (RFP ) and subsequent program documentation require s

that O6S cost estimates be provided at the end of each major program phase.
These estimates are used to help determine the overall feasibIlity of

continu ing the program or p roject.

Acq u i s it ion s t ra teg ies are differentiated by the existence of

con t rac tor compe t i t ion , the stage at which multiple bidders are reduced

to a s i ng le  con t rac tor , whether there Is competition only at the total

sys tem level or for subsystems as well , whether each phase and/o r sub-
— sys tem i s  separa tel y contracted for or some are combined under a common

contract , etc. The LCC estimates provided by competing cont ractors will ,

in part , determine the continued pa rticipation of a given contractor.

I n  th i s regard , the comput.ation of O&S cost targets incorporated in con-

t rac tual commi tmen ts i n the concep tua l  phase may subs equently be validated

and the success in me eting such targets assessed. Since contractor LCC

estimates are used , in part , as compe tit ive  selec ti on cr it e r i a , I t is

criticall y im portant to have and use validated 1CC estimating models and
techni ques. Standardization is essential to avoid “apples and oranges”

comparisons in both the competi tive evaluation and (Ia~er) performance

assessment phases.

The prima ry use of LCC durin g the acquisition process , and one wh i ch
affects both DSARC decisions and contractor commitments , concerns trade-offs

on alternative equipment/system design and support concepts. Cost parameters

which cons i der ICC , established and continuously evaluated , ar e translated

in to des i gn requirements after wei ghing trade-offs between system effect i ve-

ness , cost and schedule.

In orde r to reduce system cos t s and achieve a proper balance between
system effect i veness and total system cost , LCC must be quant i ta t ive ly
applied throughout the acquisition process.
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TYPES OF LCC MODELS

An LCC model is a series of mathematical expressions designed to

address some aspect of cost during the life of a system. Stric tly

speaking, an LCC model is one that addresses development , production ,

and OGS costs. In fact, some LCC models address the entire system life

cycle , while others address only part of it. Still other so—called LCC

models are more narrowl y defi ned and add ress specific areas, such as
i nventory control and l evel of repair.

Available LCC models can be grouped Into the following six categories

cost factor, accounting, cost estimating, economi c ana l ysis , maintenance

manpower planning , and special purpose.

COST FACTOR MODELS

Cost factor model s typically estimate O&S cost at the weapon system

l evel by i dentify in g such cost elements as spares , support equ i pment ,

manpower and munitions. Estimates of each cost element are generated by

multip l ying key parameters of the system by a factor which is derived

as a function of Air Force cost experience on similar weapon systems.

The CACE model is in this category. Although cost factor models are easy

to use, one serious limitation is that the cost factors are aggregate va l ues

reflect i ng whole system cost as opposed to subsystem cost elements. Since

this type model does not explicitly break out cost in detail at the sub-

system and LRU l evel , the approach tends not to capture the O&S cost Impact

of individual R&M characteristics of a new system.

ACCOUNTING MODELS

Accounting models typically compute O&S costs at relat i vely low

l evels of hardware breakdown and d isassemb l y , e.g., the LRU leve l , and
then total these costs. The AFL.C LSC model and the AFLC O&S cost model

are of th i s type and have his torical l y been used by the Ai r Force w ith

respect to source selection and des i gn trade-off decisions. Accounting

models have several significant limitations.
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One principal weakness is the lack of a reliable and accurate set

of historical data to estimate support costs to the component l evel on

an analogous basis. This prob l em is due In part to the fact that the

mu lti p le data systems used by AFLC are designed for purposes other than

weapon system cost account i ng. Diverse sources of data yIeld only partial

system cost vis i bil i ty , and a great deal of pro-rating of common expenses

applicable to several weapon systems exists. Another weakness results

from the practic e of managing both depot level maintenance and supply by

Nationa l Stock Number (NSN), base level supply by NSN , and base l eve l

maintenance by WUC . The fac t there is not a one-to-one correspondence

of NSN to WUC further aggravates th. data problem at the component level.

These problems togethe r with the fact that this kind of model typically

requires large numbers of input data elements make model imp l ementation

a tedious exercise. Accounting model s also have limited usefulness with

respect to design trade-offs in that they do not relate logistic support

costs directly to performance and desi gn parameters such as material types ,

dimensions , speed and range. Therefore , they cannot be used earl y in the

conceptua l planning phase when trade-offs of this nature are usually made.

COST ESTIMATING RELATIONSHIP MODELS

CER models, such as those discussed in Section V , offer the greatest

potential forestirnating OSS costs very early in the system desi gn process.

Unlike most other models , the CER could be made available to and utilized

by many individual eng i neers involved in initial trade-offs and des i gn

decisions. Althoug h CERs are not LCC models in the broad sense , they

provide the mechanism for integrat i ng O&S cost considerations into the

myriad of desi gn decisions that directly affect th, total LCC .

ECONOMIC ANALYSIS MODELS

Economic ana l ysis models attempt to evaluate the economic Imp lica-

tions of modi fying or augment i ng th. capabilities of current wespon

systems. The Research into the Economics of Des i gn and User (RED UCE)

model is the primary examp le of the economic ana ly sis model. Though the
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model requ i res cQnsid e rab le input data , the effort is Justified when a

new or Improved system is bein g cons i dere d for st andardiz ed use in the

Air Force inventory .

MAI NTENANCE MA NPOWER PLANNIN G MODEL S

Other computer simul ation models hay, been developed for use in

log istic support planning. These models explicitly address all aspects

of logistic operations in cluding the fl ying schedule , bas i ng concept ,

maintenance plan , and spare and support cost. They provide a variety

of output reports g iving detailed statistics frequently used in trad e

stud i es and system validation tasks. Historically, these models have

not been specifically oriented to LCC but rather to a much broader set

of trade—off issues included under the head i ng of logistic support

planning. Maintenance manpower planning mod els , in particular , have a

si gnificant Impact In determining the cost of maintaining most Air Force

equipments. The LCOM model is of this type and is used to estimate the

maintenance manpower requ i rements of a weapon system under development.

Further uses include eva l uating tradeoffs for systems , alternative

weapon systems , and systems currently in Air Force i nventory on the basis

of maintenance manpower requirements.

SPECIAL PURPOSE MODELS

Reliability Improvement Cost Models:

These models explicitl y identify the relationship between equ i pment

reliability and cost , i.e. , more money spent on initially improv i ng

system reliability will result in subsequentl y greater reductions in O&S

costs. In essence , the models determine the level of equi pment reliability

that minimizes LCC.

Level of Repair Anal ysis Models:

These models determine the least colt l evel of repair pol i cy for

new equipments as they are introduced into Air Force inventory . Various

models cons ider LRU , shop replaceable unit, module , piece-part , and
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system/subsystem l evels which may be ei th er d iscar ded at failure or re-
pa i red at either base or depot levels. System l evel models have en

extens i ve requirement for input data and cost al l ocation difficulties

where support oi~ test equipment is used on more than one subsystem .

inventory Management Models:

These models attempt to optimize the numbe r of spare items required

to keep a system operational. One particular model , MOD-METRIC , determ i nes
an optima l allocation of spare items for a system that can result in a

considerable reduction In spares I nvestment necessary to keep the system

operational. Required inputs to MOD-METRIC includes frequency of sub-

assembly removal , not repa i rable this station (NRTS) rates , etc. A well

defined maintenance concept is required for these models and thus its

utility in the conceptual phase of a program Is limited .

SPECIFIC ICC MODELS

Many LCC models exist to consider costs in r~esearch and des i gn

actions in the acquisition process. Among the most commonl y used models

are the CACE model , the AFLC model , and the REDUCE model.

CACE MODEL

The CACE model was designed primaril y to develop aircraft squadron

annual operating cost estimates for use in LCC comparisons , cost or

research anal yses , or stud i es concerned wIth cost-effectiveness compari-

sons between weapon systems. The model uses a “building block” approach

in which estimates of each cost element are generated by multi ply ing key

parameters of the new weapon system program by a factor which is derived

as a function of Air Force experience on similar weapon systems . These

factors , and the “block” estimat ing relationshi ps, are contained in Air

Force Regulation 173-10 and are changed as new hlstorlcal data becomes
available. The factors used are usually developed by statistical regression .

For examp le , the factor , replenishment spare cost/FM (RS N/FM), mi ght be
computed as a function of avionics production cost , engine produc ti on cost ,

a i rframe produc ti on cost, maximum airc raft speed and aircraft empty weight.
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Disadvantages of the CACE model have been previous l y mentioned . The

model is not des i gned to compute total LCC. Addit ion •i cost elements

must be derived (If data can be found) in order to arrive at the RDT$E ,

production , initial provision ing , support equipment , t raining, rep l enish-
nent spares , material costs , and aircraft unit cost so that a total LCC

estimate m y  be approached .

The basic CACE model uses more than 50 data elements to arrive at

its computer co_ s and is the genera ll y accepted Air Force format for

preparing O&S cost estimates for submission to DSARC .

AFLC LOGISTICS SUPPORT COST MODEL

The AFLC LSC model estimates the support Gosts that may be I ncurred

by adopting a particular design for a given weapon system or piece of

equipment. The model Is capable of (a) estimatIng dIfferentia l log ist ics

support costs between the proposed des i gns of two or more contractors

during source selection ; and (b) serving as a decision aid when evaluating

desi gn alternatives during prototyplng prior to full-scale development.

The model utilizes 95 data elements which make up 10 equatIons representing

the followIng cost components: InItial and replenishment LRU spares cost ,

on-equipment maintenance costs , off-equipment maintenance costs , I nventory

entry and supply management cost , support equipment cost , cost of manage-

ment and technical data , facu lties cost , fue l consumption cost , and cost

of spare eng ines.

Pr imary Users of LSC: The primary users of the LSC model are

log isticians assi gned to the integrated Logistics Support Organization wh i ch

is established at each program or projects office at the AFSC Product D lv i-

sion. They suppl y necessary program related data and government standards

to contractors and advise which data elements must be furnished by contrac-

tors. Thus aerospace contractors are also a primary user of LSC . The

Deputy Program Manager for Logistics should furnish the basic model computer

program to contractors to insure a common base for cost estimation. Each

competing contractor develops his “best estimate ’ of logistics support costs

and his inpu t parameters for equipment , such as MTBF. Thee. estimates serve

as one of seve ral source selection criteri, with respect to each bidder ’s
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equipment. The contractor ’s “best estim ate ” data during the conceptual
phase of the acquisition process may be inc l uded in the Decision Coord i-
nat i ng Paper (DCP) submitted to DSARC for program approva l to proceed into

the validation phase. In the valida tion phase prototypes , mock-ups , and
other system hardware may be used to revise the orig inal estimates of O&S

— log istic support costs.

LSC Model Data (lements~

The LSC elements may be categorized as follows :

I . Program elements , furnished by the Government , are

obtained from the scenario of the operational concept

of the system (10 elements in the basic model).

2. Contractor-furnished elements are based on the

contractor ’s des i gn experience. While not allocated to
Fli ght Line Unit (FLU), they contribute to overall system-

l evel cost. (34 elements). FLU is a new term that is

used for consistency with VAMOSC .

3. Contractor furnished FLU elements , based on characteristics
of the des i gn configuration , may have evolved from com-
parison and projection of operational experience on existing

systems obtained from AFM 66-I data. (23 elements) .

4. Propulsion system elements are suppl ied for weapon systems

with propulsion systems . The Government furnishes elements

dealing with base/depot repair cycle time , resupply and build-
up time , and fuel costs. The contractor supplies those elements

related to engine uni t costs and performance.(13 elements).

5. Government-furnished standard elements include l abor rates .,

inventory costs, plus other cost and time standa rd elements

(25 elements).

These fi ve le vels of data are input into a data file wh ch is llnked

to the model program during execution.
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LSC Model Output:

The outputs of the L.SC model are dis p layed in severa l forms :
I. The total weapon system logistic support cost is broken out

among the 10 equat ions.

2. Al l systems (or subsystems) are ranked in decreasing order

of total cost. System i dsntlfication , Its total cost , and

the percentage of total cost are g i ven.

3. Total cost for a specific system is broken out among the

ten equations.

4. A specified number of FILls are ranked by cost for a specified

system. The FLU Identification , its total cost, and per-

centage of system cost are gi ven.

5. Total cost for a specIfied FLU Is broken out among the first

seven equat i ons.

6. A detailed SE analysts is g i ven , in which each line of SE In a

system is listed with computed fractional quantities required

(base and depot) and integerlzed total requirements.

7. A detailed maintenance generations analysis is given showing

the peak and total FLU maintenance generations for both on

and off-equipment .

8. A FLU work unit code and noun-descript i on cross-reference Is

provIded .

REDUCE MODEL

The REDUCE model is a tool to evaluate Air Force-wide economic

implication of proposed new and retrofit equipment. The REDUCE model

computes the LCC Implications of:

I. A retrofit program In wh I ch new equipment with

different R&M characteristics wi l l replac. presently

Ins talled equipment on all or selected Air Force

i nventory aircraft .
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2. Alternative new equipment proposals providing different

equipment desi gns for performing additional functions on

exist ng aircraft or specific funct i ons on new aIrcraft.

3. Changes in operating and maintenance policies .

When comparIng new equipment designs , the model considers estimates

of RDT&E acquisition/installation , and maintenance costs. In a retrofit

program , the model compares the LCC of new equi pment with the support

costs of the equipment it would replace. Trade-offs between a money

i nvestment in RDT&E to Improve an i tem ’s R&M characteristics and consequent

savings in maintenance costs over the item ’ s operating lifetime may be

read ily exp lored using the model. The REDUCE model requires input data

and is most effectivel y used when a new piece of equipment is being

considered for use on several aircraft ove r a long period of time .

Speclflcally, the model is ideall y suited to eva l uate the potential va l ue

of the standardization of new and low maintenance cost subsystems throug iv-

out the Air Force.

Users of REDUCE: The princi pal users contemplated dur ing the model’ s

development were analysts engaged in development plann i ng within the

Aeronautical Systems Division (ASO), although use by analysts from other

divisions and commands Inc lud ing logist icians from AFLC were considered .

The model was desI gned to be used during the conceptua l and validat ion

phases to estimate development , production , and O&S phase durat ions , costs

and economic considerations.

REDUCE Simulation Models: The REDUC E model is composed of five

simulation models and a data base:

I. The data base describes the scope of future operations ,

equipment configurations of each aircra ft series , and

RSM and cost factors of equipment items currently

in stal led on these aircraft . Data in the base are

changed through i nput to the lNiT and SETUP modules.
iO i
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2. The IN IT module establishes a data base in a computer-storage

compatible format in i tia l ly and updates the estab lished data
base. INIT inp uts are stored In permanent files (subject to

update) from which some data will be used in every model run.

This data con tains R&M parameter values on U.S. Air Force

equ i pment in the field as obt ained from AFM 66- I , Maintenance

Da ta Collection System. These value s include MBT F , Mean-time

Between Main tenance Act ions (MTBMA) , cost (labo r and material)

per failure , cost per maintenance action , aircraft aborts per

FH, and on-equipment ma i ntenance man-hours per failure. These

va l ues are permanent for al l equipment Items and airc raft

series and are ordered within three cross-referenced head i ngs :

the specific equipment i tem; the function the Item performs ;

and the airc raft on which the item is placed . This ordering

allow s a convenient outputting of a data listing in the data

base.

3. The SETUP Module transforms input on proposed new equipment

items into computer records which can be operated on by

other modules. There Is one set of data inputs for each

run of the cost modules. The bulk of the SETUP Inputs per-

tam to the RSM parameters of new equipment. !t is assumed

that the user can furnish estimates of these R&M parameters.

4. The ACOUT Module produces output formats with Information

needed to make decisions concernin; i tem replacements.

Specif ically, the nodule processes the data checked by the

INIT Module and provides the listing of data by i tem name ,

funct ion , or aircraft name. These listings permit the user

to determine what is in the data base, helps the user decide

what existing i tems a new item Is qua lIfied to replace , and

aids the user In estimat i ng MM parameter val ues for a new

i tem by comparison with existing values .

5. The RETROFIT model eval uates the LCC effects of proposed

retrofit programs . RDT6E, acquIsition/installation , and

I 02
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operating and maintenance costs are estimated for each new

It em. The duration of each phase is estimated and its cost

allocated by fIscal year. A MTBF SensitIvity Anal ysis is

conducted for new items about the target MTBF at values of

90% and 100% of the target MTBF. Determ i nation is made of

a complete set of cost outputs for each MTBF. The expected

differences In operating experience between a new and the

old item are calculated based on i nput data concerning the

old item : airc raft aborts per FH , equipment aborts per FH ,

and on-equi pment failure man—hours per failure. Al so

calculated are OSS savings per FH and annual OIS savings

per aircraft due to a new item ’s use.

6. The NEW vs. NEW module is also a costing module wh i ch

compares two new items on a pair-wise basis. It handles

the cost estimation similarly to the RETROFIT Module.

Whereas the RETROFIT Module determines development and

acquis ition costs for just one new i tem , the NEW vs. NEW

module executes a new item p rogram schedule for each new

i tem. Similarl y, rather than outputting a “savi ngs” between
old and new, the model outputs the difference in LCC between

new items .

Historical Data Used by REDUC E: As in the LSC model , the REDUCE

Model uses histor ical data In estimating RIM parameter values for new

equipment by adapting the parameter values of an existing similar equipment

des i gn to obtain a first order estimate , where the data are available.

There are several data sources from which data is obtained for the REDUCE

model. In general , they provide excellent sources for work with any ICC

model.

I. Force structure data can be obtained from USAF planning

documents containing official USAF programmed and objective

force structures for future years. Data for new aircraft

may be derived from ASD studies on a new aircraft .

103

L___.11_ _.~~.~ ~
- •-

~~~
--

~~~ 

•

~~~

- 

~

- —-

~~~ ~~~~~~~~~~~~~~~ ~
—

~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

- - - .

~~~~~

---—-—

~



.~~. Th. primary source of aIrcraft-item da ta for existing pro-

grammed force elem ents can be found in AFM 66-I.

3. Established REDUC E model data bases containing data or

existing equipment itens which are s~m i iar in des i gn to a

new item being consIdered may be used .

~i. Armed Forces reports documer.ting cost anal yses are availab l e.

5. Studies nay be used on the relation ship between testing and

associated product improvement efforts Included in a new

- t en ’s RDT&E program and one Iten s MTBF .

t .  E,,tir’at.s furnished b~ contractors who are proposing a new

ite r f~~ r consideration , or •stlmates (engineering and cost

anal yses) on a specific new item perfo rmed b’ AFSC personn el

-‘as t’e used.

MODEL INPUT DATA AND COSTING COMPAR iS~NS

in order to more full ,’ underst and the di ff ering data requirements of

s i nil ar LCC models , a comparison c~ three accounting models (LSC , O6S ,

SOC) and one cost factor model (CA C~~ is made In Tables 8 and 9.

The AFLC LSC mode i has been prev1o u s l ’~ discussed . The t\Ft C OSS cost
model a lso est imates support cost as a ~~n~ t~ on of log is t i c s  parameters.
However , the LS C model breaks down cost to the FLU level  for support equip-

“eri t whereas the O&S cost model does not. The (~~S cost mode l was used for
f~.sll scale deve lopmen t source se l sctio n on the A- IO program.

The System Owner ship Cost ~SOC) model is a series of weapon s~.c ter’

dependent cost equations wh i ch can prov i de a SOC eStimate to the subsystem

level. The equations were derived partiall y by mo difyi ng existing mode l

equations and par t ia ll~ by generat rg entirely new eguat ons. H pa rtlc~ iar ,

AF H RL work on the Di g i ta l  A~ IonIcs Info rr’at ion Syste ’ Life Cycle Cost

Study and the existing AFLC LSC Piodel User ’ s Handbook were Incorpo rated .

Table 8 sh~~ s the cost ing equations included in the LSC , OSS , SOC .

tO ’.
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and CACE models. As would be expected the SOC model developed by AFHRL

is heavil y oriented to human resource factors and is more narrow in

scope than the others . The SOC and LSC model equations are very si m ilar ,

however , with both addressing fac tors in much less scope and detail than

the O&S and CACE mod els. The O&S model is similar to the CACE model , but

as expected the CACE model provides for macro costing In the broades t

scope.

Table 9 compares the data elements contained in three cos t equati ons
common to all four models (LSC , OSS , SOC and CACE). These three cost

equations are Personnel Training Costs , Cost of Spares , and Cost of Fuel

Consumption. The ‘ data elements ’ column s list the var ious data elements

included in each equation. Each equation is underlined and data elements

appear below It. The matrix shows for each model (by equation) the data

elements that are included . Where data elements are commo n but differences

i n  form and/or content exis t , a notation is provided. A similar comparN

son could be made for each of the equations in all four LCC models.

It is obvious from Tables 8 and 9 that there Is close similarity

between the LSC and SOC models. This fact was pointed out by Goclowski

(1979) i n  developing the SOC model, It must be determined whether or not

a separate cost model Is needed for the UDB of human resources Info rmation .
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AB BR EV I All ONS

ADCOM - Air Defense Command

ADP - Automated Data Processing

ADPS - Advanced Personnel Da ta System

AFAFC - A i r Force Accounting and Finance

AFAL - A i r Force Avion ics Laboratory

AFALD - A i r Force Acqu isition Log istics Division

AFAPL - Air Force Aerospace Propulsion Laboratory

AFCS - A i r Force Communication Service

AFFDL - Air Force Fli ght Dynamics Laboratory

AFG - Ai r Force Guide

AFHRL - Ai r Force Human Resources Laboratory

AFLC - A i r  Fo rcs Log istics Command

AFM - Air Force Manual

AFR - Air Force Regulation

AFRES - Air Force Reserve

AFSC - Air Force Systems Command

AFTEC - Air Force Test & EvaluatIon Center

AFT O - Air Force Technica l Ordsr

AGE - Aerospace Ground Equipment (now called Support Equipment)

AGMC - Aerospace Guidance (Systems) Maintenance Center

ALC - Air Log istics Center

AMC - Army Material Command

AMMIS - Aeros pace Maintenance Manpower Informat i on Service

ANG - Air Nationa l Guard
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AS IP - Aircraft Structural Integr ity Program

ASD - Ae ronautical Systems D ivi sion

ATC - Air  Tr a ining Command

ATE - Automatic Test Equi pment

AU TOD IN - Automatic Da ta Transmission System
(AUTOD I N —  Data Transmission AUTOVON — Voice Transmission)

AV ISUR S - Aeros pace Veh icle inven tory , Status and Utilization

Report ng System

AV GAS - Avia t ion Gasoline

CAB - Civil Aeronau t ics Board

CA CE - Cos t Ana l ys i s, Cost Estimat i ng

CAMM IS - Command Aircraft Maintenance Manpower Information System

CAMM S - Command Maintenance Manpower System

CDB - Consolidated Data Base

CDEP - Common Data Ext raction Program

CDTS - Computer Dlrect.d Training System

CEM - Communlcations , Elec t ronics , Meteoro logica l

CER - Cost Estimating Relationship

CHRT - Coord i nated Human Resource Technology

COCESS - Contractor-Operated Cl v i ) Engineer Supply Stores

COPARS - Con tractor-Operated Part s Stores

CREATE - Time Sharing Computer Program to Support Eng ineerin g ,
Logli tic s & Students

DARC OM - U.S. Army Materi al Development & Readiness Command

DID - Data Item Description
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DOD - Department of De fense

DODT - Des i gn Option Decision Tree

DSARC - Defense Systems Acquisition Rev i ew Council

DSD - Data System Des i gnator

EAD - End Article Desi gnator

ECOM - Elec t ronics/Communication

EMT - Elapsed Maintenance Time

ETA - Exception Time Accounting(Syst em)

FH - Fl yi ng Hour

FLU - Fligh t Line Unit

FMC - Full y Mission Capable

FSC - Federal Stock Cod.

FYDP - Five Year Defense

GFM - Government Furnished Material

GPS - Ground Processing Segmen t

How Ma) - How Malfunc t ioned

HRD - Human Resources Data

HRDT - Human Resources I n  Design Trade-off

ICBM - Intercontinental Ballistic Missile

I.D. No. - I dentification Number

ILDF - Integrated Logistics Data Files

ILS - Integrated Logistics Support

INV - i nventory

IR &D - I ndependent Research ~ Development

ISD - In structional System Developmen t
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JCN - Job Control Number

JETD - Join t Electronics Type Des i gnator

JGD - Job Guide Development

LCC - Lif e Cycle Cost

LCOM - Logistics Composite Mode)

LRU - L i ne Replacement Unit

LSA - Logistic Support Ana l ysis

tSAR - Logistic Support Analysis Record

LSC - Log istic Support Cost

LTF’ - Lead the Force

M - Ma intainability

MAC - Military Airlift Command

MADARS - Maintenance Data Ana l ysis and Recording System

MAJCO M - Major Command

MCS - Maintenance Cost System

MDC S - Maintenance Data Collect ion System

MDS - M iss i on Desi gn Series

MESL - Mission Essential Subsystem List

MFG - Manufacturer

MICAP - M ission Capab ili ty

M i (CS - Master Item Ident ifIcat ion Contro l System

MILAP - M ain tenance Information Log ically Analyzed & Presented

MIL-STD - Military Standard

MIP - Material imp rovement Projects

1 12

—---a— --a- 
~-ad



-- a - ~~~~~~~~~ ‘-  - 5- - - - 
~~~~~~~~~~~ 5 ’ 

-—

I

MMH - Maintenance Manhours

MMH/FH - Maintenance Manhours Per Fli ght Hour

M MIC S  - Maintenance Management informa tion Contro l System

MMM - Maintenance Manpower ModelIng

MOD - Modification

MTBF - Mean Time Between Failures

MTBMA - Mean Time Between Maintenance Actions

NAMP - Naval Aviation Malntenanc . Program

NMC - Not Mission Capable

NRTS - Not Repa i rable This Station

NSN a’ - National Stock Numbe r

OCALC - Oklahoma City Air Log istic s Center

OFP - Operational Flig ht Program

0MB - Office of Management and Budget

4 OOALC - Ogden Air Log is tics Center

OPR - Office of Primary Responsibility

— O&S - Operations & Support

OSCR - Operations & Support Cost Report

PATTERN - Pl ann i ng Assistance Through Technical Eva l uation of

Relevance Numbers

PCN — Product Control Number

PEC - Program Element Code

PER - Parametric Estimating Rela ti onshi ps

PISS - Precision Location and Strike System

PMC - Partial Mission Capable

( 13 ’

—-‘—4 11 ~~~~~~~~~ a,aaak.aj1~~~~~~ 

- — - -



- - - - - -a-- - -

PME - Prec i sion Mea surin g Equipment

POL - Petroleum , O i l and Lubrican t

POMO - Production Ori ented Ma i ntenance Organization

PROFILE - Programmed Functiona l indices for Laboratory Evaluat ion

QUE ST - Quantitat i ve Utili ty Estimates for Sc i ence and Techno l ogy

R - Reliability 
-

R&D - Research and Development

RCS - Reports Contro l Symbol

REDUCE - Research Into the Economics of Design and User

RFP - Reques t for Proposal

RIW - Reliability Improvement War ranty

R&M - Reliability and Maintainability

SAALC - San Anton Io Air Logistics Center

SAMSO - Space and Missile Systems Office

SBSS - Standard Base Supply System

SDC - Samp le Da ta Collec ti on

SE - Support Equipment

SEDS - Systems Effect i veness Data System

Seq . No. - Sequence Number

- - 
- 

SMALC - Sacramen to Air Logistics Center

SOC - System Ownership Costing

SPO - Systems Program Office

SRAM - Short Range Attack Missile 
_
•4,

SRD - Standard Report i ng Designator

SR U - Shop Re p l aceabl e Uni t
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TAC - Tactica l Air Command

TAMMS - The Army Maintenance Management System

TM - Technica l Manual

T/M/S - Type/Model/Series

1.0. - Technical Order

TCTO - Time Compliance Technical Order

TRAMIS - Technical Training Management info rmation System

TRI-TAC - Terminal Radio Set , TRC- 170

TSS - Total Support System

U DB - Unified Da ta Base

USAF - United States Air Force

USAFSS - Un i ted States Air Force Security Service

VAMOSC - V i s Ibility S Management of Operat i ng S Support Costs

WBS - Workload Breakdown Structure

Wh Dis - When Discovered

WUC - Work Unit Code

Yr - Year

11 5

_J  _ - - -  - - -
~~ 

_ _ _ _

_ _ _  _ _ _ _  --- M~~~~~~~~~~~~~



—- -a --- 
--‘_ - 

-a --

- - REFERENCES

I .  As kren , W. B. s Korkan , K. D. Design option decision trees: a

method for reiat i ng human resources data to design parameters.

AFHRL-TR-7i-52 , AD-741 768 . W r i ght-Patterson AFB , Ohio: Advanced

Systems Division , Air Force Human Resources Laboratory , December

1971.

2. Askren , W. B. Human resources as engineering des i gn criteria.

AFHRL-TR-76-I. Wright-Patterson AFB , Ohio: Advanced Systems

Division , Air Force Human Re sources Laboratory , Marc h (976. ~
1.D AO2 .~ t’ ’(’ .

3, Saran , H. A. Milit ar y personnel costing conf.r~,~ce. AFHRL-TR-74-

106 , AD-A 013 1 7 1 . Wri ght-Patterson AFB , Ohio: Advanced Systems

Div i sion , Air Force Human Resources Laboratory , Decembe r (974.

4. Goc l owskl , J. C., King, G . F. and Ronco , P. G. Integration and

app lication of huma n resource technolo~ ies in  weapon system des i gn:

coordination of five human resource technolog ies for appli cat ion.

AFHRL-TR-78-6(i). Wright-Patterson AFB , Ohio~ Advanced Systems

Div i s i on , A i r  Force Huma n Resources Laboratory , May 1978. ~~~~~~~~~~~~~~~~ ~~ SC’ .

5. Goc l owski , J . C . ,  et al integration and application of huma n re-

source technologies in weapon system design: processes for the
coordinated application of the five human resources technolog ies.

AFHRL-TR 78-6 (ii). Wri ght-Patterson AFB , Ohio: Advanced Systems

Div ision , Ai r  Force Human Resources Laboratory , May 1978. .\ia-’- :\O s~ (,
~~~~.

6. Gociowski , J. C. , et a!. Integration and application of hur~an

resource technolog ies in weapo n system desIj:~ consolidated data

base specification functional specif ication. AFHRL-TR-78-6(IH~ .

Wright-Patterson AFB , Ohio , Advanced Systems Division , Ai r Fo rce
Huma n Resources Laboratory , Ma rch 1978 . AD—A059 ~~~~~

7. Hannah , L. D. Bol dovici , 4. A., A ltman , 4. W. S Manion R. C.,
The role of huma n factors task data in aerospace system design and

development. AMRL -TR- 65-i31 , AD 621 379. Wr Ight-Patt erson AFB ,

Ohio , Ae ros pace Med ical Researc h Laboratories , August 1965.

116

~~~~~~~~~~~~~~ ________ _____ • ~~~~~~~.



____________________ —-a --— —- --a— -’-

8. Hannah , L .,  Duncan S Reed , Lawrence , E. Basic huma n factors task

data relationships In aerospace systems des i gn and develo_pmen t.

AMRL-TR-65-23I , AD 630 638. Ae rospace Medical Research Laboratori es ,
Wri ght-Patterson AFB , Ohio , 1 965.

9. Lint z , L. M. , Askren , W. B. S Lott , J. W. System desi gn trade
studies: the engineer ing process and use of huma n resources data.
AFHRL TR-71-24 , AD 73 2 201. Wri gh t-Patterson AFB , Ohio: Advanced

Systems Division , Air Force Huma n Resources Laboratory , June 1971 .

(0. Li n t z , L. M .,  Loy , S. L., Brock , C. R. & Potempa , K. W. Predic ti n g
maintenance task diffi culty and personnel skill requ i rements based

on des i gn parameters of avionics subsystems. AFHRL TR-72-75.
Wri ght-Patterson AFB , Ohio: Advanced Systems Division , Air Force
Human Resources Laboratory , August 1973. :\D 768 415.

II. L in t z , L. M ., Loy , S. L. , Hopper , R., & Potempa , K. W. Relationshi ps
between desi gn char acteristics of avi onics subsystems and training
cost~ training difficulty , and lob performance. AFHRL TR-72-70 ,

AD 759 583 . Wr i ght-Patterson AFB , Ohio : Advanc ed Systems Division ,
Air Force Human Resources Laboratory , Ja nuary 1973.

(2. Mei ster , D. s Farr , D. E. The utilization of human factors informa-

tion by designers. Technic al Report , Contract Nonr-4974-OO ,
Amendment I , AD 642 057. The Bunker-Ramo Corporation , Canoga Park ,
Califor n ia , September 1 966 .

13 . Meister , D. & Sullivan , 0. J. A further study of the use of huma n
factors Information by des i gners. Technical Report , Contract Nonr-

4974-00, Amendment 2, AD 651 076. The Bunker-Ramo Corporation ,
Canoga Park , California , March 1967.

4. Meister , 0., Sull ivan , 0. 4. s A skren , W . B. The impact of man-
power requirements and personnel resources data on sys tem design.
AMRL TR-68-44, AD-678 864. Wr ight-Patterson AFB , Ohio: Aerospace
Medical Research Laboratory , September 1 968.

11 7

-a— —-a— ~~~~ ~~~~ ~~~~~~



~~~~~- - v’ - —~~~~~~~~~~-~~~~~~~ _ _

15. Meister , 0., Sullivan , 0. 4., Finley , D. L. & Askren , W. B.

The design engineer ’s concept_of the relationship between system

design characteristics and technic ian ski ll l evel. AFHRL TR-69-23,

AD-699578. Wri ght-Patterson AFB , Ohio: Advanced Systems Division ,

Air Force Human Resources Laboratory , October i969.

6. Meister , D., Sullivan , 0. J., Finley , D. L. & Askren , W. B. The

effect of amount and timing of human resources data on subsystem

design. AFHRL-TR-69-22. Wri ght-Patterson AFB , Ohio: Advanced

Systems Division , Air Force Human Resources Laboratory , October

969. AD—699 577.

(7. Melster , 0., Finley , 0. L. & Thompson , E. A. Relat i onship between

system des i gn, technician train ing and ma i ntenance job performance

on two autopilot systems. AFHRL-TR-70-20, AD-739 591 . Wright-

Patterson AFB , Ohio: Advanced Systems Division , Air Force Human

Resources Laboratory , September 1971.

18. Miller , R. B. A method for man-mach i ne task analys !s. WADC-TR-6I-447,

AD 15 921. Wr i ght-Patterson AFB , Ohio: Wri ght Air Development Center ,

September 1953.

i9. Oiler , R. J. Human factors data thesaurus: an application to task

data. AMRL-TR-67-2i1 , AD 670 578 . Wr i ght-Patterson AFB , Ohio:

Aerospace Medical Research Laboratories , 1968.

20. Potter , K. W., Tu lley , A. 1. & Reed , Lawrence E. Development and

applicat i on of computer software techniques to human factors task

data handlin g p rob l ems. AMRL-TR-66-200, AD 647 993. Wri ght-

Patterson AFB , Ohio: Aerospace Med i cal Research Laboratories ,

1 968.

21. Potter, N. R., Korkan, K. D. s D e terl y, D. L. A procedure for

quantificat i on of technological changes on human resources.

AFHRL-TR-75—33, AD-A 014 335. Wright-Patterson AFB , Ohio: Advanced

Systems Divis ion , Air Force Human Resources Laboratory , June 1975.

-
o ‘~ 11 8 1

- - 
-a --

~~~
- -a

~~~~~~~~~

- - - ~~~~~~~~ - - -~~~~~~~~~ -~~~~~ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~ _ __________



~ -a

22. Reardon , Sue E. Computerized human factors task data hand~J~~

te chniques: user ’ s and con t roller ’s operating guides. AMRL-TR-67-226 ,

AD 671 531 . Wright-Patte rson AFB , Ohio: Aerospace Med i ca l Research

LaboratorieS , 1968.

23. Reed , L. E., Foley , Jr., J .  P .,  Graham , R. S. & Hil geman , J .  8 .

A methodologjcal approach to the anal ysis and automat ic handlin g of

task information for systems in the conceptual phase. AMRL— TDR 63-78,

AD 4(9 018. Wri ght-Patterson AFB , Ohio: Aerospace Medical Research

Laboratories , August i963.

24. Reed , L. E., Snyder , M. 1., Baran , H. A., Loy , S. L. & Cu r t in , J. C.

Development of a prototype human resources data handbook for systems

eng i neer lng : an app lication to fire contro l systems~ AFHRL -TR-75-

64 , AD- A0 19 553. Wright-Patters on AFB , Ohio: Advanced Systems

Division , Air Force Human Resources Laboratory , December 1975.

25. Shapero , A. & Bates , J r . ,  C. J. A method for performing human

enginee ring analysis of weapon systems. WADC-TR-59-784, AD 235 920.

Wrig ht-Patterson AFB , Ohio: Wr ight Air Development Center , September

(959.

26. Snyder , M. B. Uses of task analysis in der ivin g~tra inin 9 and

traini ng equipment requirements. WADC-TR-60 593, AD 252 946 . Wri ght

Patterson AFB , Ohio: Wr ight Air Development Center , December 1960.

27. Tulley , A. 1. S Meyer , C. R. Imp l ementation of computer software

techniques to human factors task data hand l ing prob l ems. AMRL -TR

67- 127, AD 663 209. Wrig ht-Patterson AFB , Ohio: Aerospace Med ica l

Research Laboratories , 1967.

28. W hiteman , Irvin R. The role of computers in handling aerospace

systems human factors task data. AMRL -TR-65 206, AD 63i 182.

Wright-Patte rson AFB , Ohio: Aerospace Medica l Research Laboratories ,

i965.

- 

(19 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -a - - - a -  ~~
-.
~~~~- ---a —

_ — —~~~~~~
- .——

~~~~~
- 

-



BIB LIOGRAPH Y

The followin g documents are considered relevant to
human resources data or data generating technology .

Human resources as design constraints

I. Finley , 0. L., Obeymaye r , R. W. ,  Bertone , C. M., Mes iter , 0. 1
& Muckier , F. A. Hu man performanc e predict ion Jn nian-
machin e systems . NASA-CTC- 16I4 , Volu me I. National Aero-
nautics and Space Admin istration.

2. Fol ey , J. P. Some key problems concerning the specifi cation
deve l opment and use of task identifi cation and anal ysis.
AFHRL-TR-76-57. Wr i ght-Patterson AFB , Ohio: Advanced
Systems Divi sion , Air Force Human Resources Laboratory ,
July $976. AD—A029 199.

3. Grin old , R. C. & Marsha ll , K. 1. Manpower plann i ng models -
IV: synthesis of cross-se ct ional and longitudinal model.~~
Report # NPS 55 Mt 75 111 , AD-A 0i9 385. Naval Postgraduate
Schoo l , Monterey , Californi a 93940, November $975.

4. K I n g, W .  J .  & Duva , J. S. (Editors) New concepts in main-
tenance tra i ners and performance aids. NAVTRA EQUiPCEN- IH-255,
AD-A 017 216. Nava l Training Equipmen t Center , Code N—2 i5,
October (975.

5. Snyder , M. 1. & Askren , W. B. Techni ques for daveloping
systems to f i t  manpower resources. AF HRL-TR-68- i2. Wri ght-
Patterson AFB , Ohio: Advanced Systems Division , Air Force
Human Resources Laboratory , October 1968. AD—681 137.

Use of human resources data in d.slgn trade-offs

I. Askren , W. B. , Korkan , K. D. & Watts , G. W. Human resources
sensitivity to system design t rade-off alternative s:
feasibility test with__jet engjne data. AFHRL TR-73-21 ,
AD-776 775. WrIght-Patter son AFB , Ohio: Advanced Systems
Division , Air Force Human Resources Laboratory , May (973.

$20

-1 
- _ -~~~~~~~~~~~~~~~ 

- —
~~~~~~~~~~-~~~~~~~~~~~ - -~~~~~~~~~



-~~ 
-a n —

- -a--a---a;u
~
- -

Use of human resources data in desi gn trade-off s (conci .)

2. Askre n , W. B. Human resources and personnel cost data in

system design tradeoffs (and how to increase desi gn

engineer use of huma n data) . AFH RL-TR-73-46 , AD-770-737.
Wri ght-Patterson AFB , Ohio: Advanced Systems Division ,
Air Force Human Resources Laboratory , October , (973.

3. Barnes , B. P., Baker , L. A. 6 Mc Intosh , B. E. The applica-

tion of Information transfer techniques for l y ing the

Internal communi cation requiremen t s of an advanced man ned

bomber. AFAL-TR- 72-209 (Vol umes I , II , III). W right-

Patterson AFB , Ohio: Air Force Avionics Laboratory ,

September (972.

4. CoIwsi l , H. C. TREES~ a comput.r software system for

proces sin g data or~ganized in branch form 1 Vo l ume I -
design and development. AFHRL-TR-71-26. Wri ght-Patterson

AFB , Ohio: Advanced Syst.ms Division , Air Force Human

Resources Laboratory , June 1 97 1 . Ai )— -’L ’  
~()- ~~.

5. Cors i , R. E. A methodolo gy for the determin ation of

contract manpow. equ I valents for the USAF. AF IT-C I-76-b i ,

AD-A 026 .~65. Wr I ght-Patterson AFB , Ohio: Air Force

Institute of Techno l ogy , 28 May 1975.

6. Potter , N. R ., Korkan , K. D. & Dieterly, D. L. Remotely

p iloted v ehic le des i gn option decision trses. AFHRL TR 75 29
(III), AD-A 0(8 152 . Wri ght-Patterson AFB , Ohio: Advanced

Systems Division , Air Force Human Resources Laboratory , June

(975.

7. Walen , C. V. S Askr.n, W. B. Impact of design trade studies

on human resourcss. AFHRL-TR-74-89. Wri ght-Patterson AFB ,

Ohio: Advanced Systems Division , Mr Force Human Resources

Laboratory , December (974. Ai)—A009 (~ i~~~~.

12 1

- - _j& ~~ —~~~ —~
.—-- -

~
- --.-

_ I 
~~~~-a~~~_ - — —-a __________

~~~~~~~~~~~~

.

~~~~~~~

— --

~~

-

~~

-‘-- . -

~~~~~~~~~

-— _-~~~-~~~~~~~~~
_ -- -- 

~~~~~~
— - - - - - - a — -



Human resource reQuirsrnents predictlOn by analytical techniques

I. Askren , W. B. and Regu llnsk i , T. L. Mathematica l mod elin g

of human performance errors for r e liability anal y s i s of
!ystems. AMRL-TR-68-93. Wright-Patterson AFB , Ohio:

Aerospace Med i cal Research Laboratory 1969. AD—687 084.

2. Barton , H. R., Purv i s , R. E., Stuart , J. E. & Mallory , W.

K. A Queuing modal for determining system mann i ng and related

support requirements. AMRL TDR— 64-2I , AD-434 803. Wri ght-

Patterson AFB , Ohio: Ae rospac e Med ica l Research Laboratorles ,

January (964.

3. Foiley , J .  D .,  Jr. , Fa i rman , J. B. 6 Jones , E. M. A survey

of the literature on pred iction of Air Force personne l re-

~u i rements. WADD TR-60-493, AD-244 539. Wri ght-Patterson

AFB , Ohio: Wright Air Development Center , July 1 960.

4. Mills , R. C., Bachert , R. F. & Hatfield , S. A. Quantifica-

tion and prediction of human perfo rmance: sequential task

perfo rmance reliability and tim •. AMRL-TR-74-48, AD-A 017

333. AMRL , Wrig ht-Patterson AFB , Ohio: Aerospace Medical

Research Labora tories , Au gust 1975.

5. Purvis , R. E., Mallory , W. K. & McLaughlin , R. L. Val idation

of queuin~ technjques for determining systems manning and

related support requirements. AMR%. TR-65-32 , AD 6(5 436.

Wright-Patterson AFB , OhIo: Aerospace Medical Research

Laboratories , March (965.

6. Purvls , R. E., McLaughl i n , R. 1.. 1 Mallory , W. K. Queuing

tables for determining manning •nd related support require-

ments. AMRL TR-64-I25, AD-458 206. Wri ght-Patterson AFB ,

Ohio: Aerospace Medical Research Laboratories , December (964.

i 2 2

—-a— - - - - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -a



- -a 

Human resource requirements predi ction by analytic al techn i ques(conc~ .)
7. Sleqe l , A. i. & Wolf , J. J. A model for predi cting

in te g rated man-ma chine !ys tem r e l i a b i l i t y :  Vo l ume I I~ -
model validation. AD-A 023 886. Naval Sea Systems
Command , U. S. Navy , March $976.

8. Smith , R. L., & West land , R. A. Status of main tainability
models: a critic al rev i ew. AMRL-TR-70-97. Wri ght-Patterson
AFB , Ohio: Aerospace MedIcal Research LaboratorIes , March
$97 1 .

9. Vinebe rg, R., Stlcht , 1. C., Taylor , E. N. s. Caylor , J. S .
Effects of spitude (AFQT ), Job experience and literacy on
jpb performance: summary of HumRRO work units UTIL ITY
and REALISTI C. Technic al Report 71-I. Al exandria ,
Virg in ia: Huma n Resour ces Research Organi zatton ,February
1971 .

Human resource_requirements p rediction by
~~1rnu1at ipn technIques

I. Air Training Command , Data automation proposal, mi l itary -
technical traini n g programming/manpower costing simulation

~y~tem . Randolph AFB , Texas: Headquarters Air Trainin g
Command , November $970.

2. Bell , C. F. & Stucker , J. P. A technique for determining
maintenan ce manpower requirements for aircraft units.
R-770-PR . Santa Mc~ ica , Ca l i f o r n i a: Ran d Corporation ,
May 1971 .

3. COAMP User ’s Guide , Maintenanc e Directorate , U. S. Army
Weapons Command , MA-72-2, June 1972.

~s Donaldson , 1. S. & Sweetiand , A. F. The relationship of
fl ig ht line maintenance manhours to aircraft flying hours,
RM- 570i -PR. Santa MonIca , Cal i fornia: Rand Corp o ration ,
August 1968.

123

I ~~~~~~~~~~~~~~~~~~~~~~~~~



;

Human resour ce requirements by simu lation techniques (cont )
5. Drake, W. F. Logistic s composite model user ’s reference

guide update. AFLC/ADDR Report 74-I. Wright-Patter son

AFB , Ohio: Air Force Log isti cs Command , November (974.

6. Green , J. C. & Rumple , P. W. Computer simulation of
BGM- 34C , Maintenance Manpower Requirements (An Application

of LCOM to RPV system) . AF IT GSM/SM/755- i , AD-A 017 223.
Wrigh t-Patterson AFB , Ohio: Air Force institute of Technology ,

June 1975.

7. Hicks , V. B. S Tetmeyer , 0. C. Simulating maintenan ce

mannin g for new weapon systems: data base management

programs. AFHRL-TR-74-91s (IV) , AD-A0 iI 989. Wri ght-Patterson

AFB , Ohio: Advanced Systems Division , Air Force Human

Resources Laboratory, December 1974.

8. Johnson , R. C. General operations and log istics simula tion

(GOALS). Volume it , programmer ’s guide. Di62-10i55- 3 .

Seattle , Washington : Boeing Company, August 1970.

9. Kipn ls , C. H. & Moff itt , J. L. The skill projection model.

Manpower Analysis Project Report 70-5. WashIngton , D.C.:

Directorate of Manpower and Organization , Headquarters

United States Air Force , March 1971 .

$0. Maher , F. A. S York , M. L. Simulating maint enance manning

for new weapon systems: main tenance manpower management

during weapon system deve l opment. AFHRL-TR-74-97 (I),

AD-AO II 986. Wr i ght-Patterson AFB , Ohio: Advanced Systems

Division , Air Force Human Resources Laboratory , December 
- 

-

1974.

II. Moody, W. D. , Tetmeyer , D. C. & Nichols , S. F~. Simulat i ng~
maintenance mann ing for new weapon systems : manpower

programs . AF HRL- TR-7 4- 97 (V) , AD -AO li  990. Wr i ght -Patterson 
—

A FB , Ohio : Advanced Systems Divi son , Air Force Human

Resource s Laboratory, December (974.

124

._

~

L. 
~~~~~~ ~~~~~ - T.~~ 1-a..-_~.-- - -



-a _ -
- -a -

Human resource requirements by simulation techniques (cont)

$ 2. Paulson , R. M., Wa lna , R. B. & Zacks , L. H. Using,

l ogistics models in system design and early support

planning . R-550-PR. Santa Monica , California : The

Rand Corporation , February 1971 .

3. Rottiers , R. B. & Suder , R. J. A conpend i um of personnel

and policies. Washington 0. C. : Personnel Research and

Analysis Division , Headquarters United States Air Force ,

June 1969. P

14. Serendipity Associates. PIMO test summa ry. TR-69-i55.

Norton Air Force Base , California: Space and Missile

Systems Organization , Air Force Systems Command , May 1 969 .

15. Siegel , A. I., Wolf , J. J. S Fisch i , M. A. Digital

simu l at i on of performance of Intermediate size crews:

logic of a model for simulating crew psychosocial and

performance variab les. Wayne , Pa. : Applied Psycholog ica l

Services , 1 969.

16. Siegel , A. i., Wolf , J. J. & Cosentino. J. Dig ital simu-

lation of the performance of intermidate size crews

application and validation of a model for crew simulation.

Wayne, Pa. : App lied Psycholog ical Services , 1971.

$ 7 .  Siegel , A. i., Wol f, J. J. & Cosentino , J. Appi l cation

and validation of a model for crew simulat i on. Wayne ,

Pa.: Applied Psycholog i cal Serv i ces , 1971.

$8. Siegel , A. I., Lautman , M. R. & Wolf , J. J. A multim ethod-

mul titrait validat i on of a dig ital simulation model. Wayne ,

Pa.: Applied Psychological Services , $972.

19. Smith , 1. C,, Brown , D. C., Mason , P. A., Moulenbelt , R.

& Shukiar , J. H. A user ’ s manua l for Samsom Ii: the

support availab ilit y multi-system operations model. RM-4923-

PR. Santa Monica , Cal i fornia : Rand Corporation , November 1967.

125

~ ~~~ j -a— —-a— — ----a --a— — -a  -a- ‘--- s-- -a i_-a — — -~-— —-a __._.__ -. -a-.



Human resource requ i remen ts by simuiat i on techniques (concl .)

20. Tetmeyer, 0. C. Estimating and contro lling manpower

requirements for new systems: a concept and approach.

AFHRL.-TR-74-31 , AD-778 838 . Wright-Patterson AFB , Ohio:

Advanced Systems Division , A i r Force Human Resources
Labora tory, April (974.

2$ . Tetmeyer , D. C. S Moody, W. D. Simulat ing maintenance

manning for new weapon systems: buildin g, and operating a

simula tion model. AFHRL-TR-71e-97 (Ii), AD-AO iI 987.
Wri ght-Patterson AFB , Ohio: Advanced Systems Division ,

A i r Force Human Resource s Laborator y , December 1974.

22. Tetmeyer , 0. C., N i chols , S. R., Hart , W. L. S Ma her ,

F. A. Sim ulat i ng maintenance mannin g for new weapon systems:

ma int.nancs manpower matrix program. AFHRL-TR-74-97(VI),

AD-A025 311 . Wri ght-Patterson Air Force Base , Ohio: Advanced

Systems Division , Air Force Human Resources Laboratory ,

May 976.

23. Tetmeyer , D. C. , Nic hols , S. R. S Deem , R. N. Simulating

mai nt enance manning for new weapon systems: maintenance

data analysis programs. AFHRL-TR-74-97 (ItI), AD-A025 342.

Wr ight-Patterson AFB , Ohio: Advanced Systems Division ,

Air Force Human Resources Laboratory, May $976.

24. Un i ted States Air Force. Computer programs and simulation

modeis used in personnel ana l ysis. Washington , D. C.

Personnel Resear ch and Anal ysis Division , Headquar ters
Un i ted States Air Force, August 1 969.

Human resources design handbooks and related documentation

A. ~~~or ts
I. Boe i ng Company. Specification for the des ign , prepara-

tion and submission of trainiflg and tra lning eq~jpmen t

reguirements . AD-A 024 867. Prepared for Naval Air

Systems , 9 June (975.

(26

_ _ _ _  -~~~- -~~~~~~~~~ -- - - ~~~~~~~~ _ _ _ - .~~A.



Human resources design handbooks and relat ed documentat i on (cont~~
2. Fol ey , ,J. P., Jr. Task ana l ysis for job performance aids

and rel ated train in g, . AFHRL-TR--72-73. Wri ght-Patterson
AFB , Ohio: Air Force Human Resources Laboratory , November
1973. AD—771 001.

3. Foley, J. P., Jr. A proposed mo dif ied technica l order
system and Its impact on maintenance, personnel and
tra ini~j. AFPffiL-TR-75-82. Wr i ght-Patter~o~ AF B , Ohio:
A ir Force Human Resources Laboratory , December (972. AD—A022 252.

4. Joyce , R. P., Ch.nzott , A. P., Mulli gan , .J. F. S Mallor y ,
W. J. Fully procedural ized job performance aids: Volume
I— draft mi litary specification for organization and inter-
mediate maintenance. AFHRL-TR-74-43 (i), AD775 702. Wri ght-
Patterson AFB , Ohio: Air Force Human Resources Laboratory ,
December 1973.

5. Joyce, R. P., et a). Fu ll y proceduraiized job performance
ai ds: Volume II - handbook for JPA develop.rs. AFHRL-TR-
73-43(11 ), AD775 705. Wri ght-Patterson AFB , Ohio : A i r- 

, Force Human Resources Laboratory , December 1973.

6. Joyce, R. P., St a ) .  Fully procedural zed Job performance
ai ds: Vol ume i l l  - handbook for JPA managers and training
speci al i s ts. AFHRL—TR-73-43 (i,i). AD775 706. Wrigh t-
Pa tt erson AFB, Ohio: Air Force Human Resources Laboratory ,
December $973.

7. Melst.r, 0. Assessment of a prototype human resource s data
handbook for systems •ngi nae ring . AFP4RL-TR-76-92. Wri ght-
Patterson MB , Ohio: Advanced Systsm~ Division , Ai r Force
Human Resources Laboratory, December 1976. AD—A039 2(~~.4

(27

_ _ _  

g
--



-s - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - _________

Human resources design handbooks and rela ted documentation (cont)

B. Departmen t of Defense documentation

Department of Defense Directives (DODD)

8. DODD 4100.35. Development of integrated logist ics

support for systems/equipments. Washington D. C.:

Department of Defense , 10 October i970 .

9. DODD 5000.1. Acquisition of major d efense systems.
- - Washington , 0. C.: Departmen t of Defense , 13 July $971.

$ 0. DOD Instruction 7220.25. Standard rates for costing

mili tar y personnel services . Washington , 0. C. : H
Department of Defen se 6 March $970.

A ir Force Manuals (AFM)

i-I . AFM 25-5. Management engineering, pol icies and procedures.

Washington , 0. C. : Department of the Air Force , 8 August

‘973.

12. AFM 26-3. AIr force manpower standards. Washington ,

D. C.: Department of th. Air Force, I January $973 .

$3. AFM 35- i. Mi l i ta ry  personnel classification policy

manual. Washington , 0. c.: Department of the Air Force,

April 1963. H

(4. AFM 66-I. Maintenan ce management , Volume I: Policy .

Washin gton, 0. C.: Department of the Air Force, I May
(974.

F IS. AFSCM/A FLCM 800-4. Optimum Repair Level Anal ysis.

Washington , 0. C.:  Air Force Systems Command , June

1 971. Se
$ 6 . TO 00-20-I. Preventive maintenance program: genera) - -

re~uirements and procedures. Washington , D. C.:

Department of the Ai r Force , $ 5 Janua r y 974.

$28

- -a - -~~~~~
— 

~~~~~~~~~~~
-a ‘~~~ii~

_ _
~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - -~~~~~ ~~~~~ 
—-a--a
!

Human resources design handbooks and related documentation

Air Force Manuals (AFM) (concl)

~7. TO 00-20-2. MaIntenance data col l ection system.
Washington , D. C.: Department of the Air Forcs ,
I July 1975.

18. TO 00-20-2-2. On-eq~jpment maintenance document ation

for air craft; air launched m issiles ; ground-launched
mi ss ii e s~ except ICBMS : drones ; and related tra ining F
equipment. Washington , 0. C. : Department of the

Air Force , I June 1973.

19. TO 00-20-2-4. Maintenanc e documentation for in-shop

eng ine maint enance. Washington , D-. C. : Department

of the Air Force , I June 1973.

20. TO 00-20-2-tO. Off-equipment maint enance documentation

for shop work, conventiona l munitions , and precision

measuring e~uipme nt. Washington , D. C.: Department of

the Air Force , i June 1973.

Air Force Design Handbooks

21 . U. S. Air Force, Air Force Systems Cornand , Desigfl
handbook. AFSC DH 1-3. Wr i ght-Patterson AFB , Ohio:

Aeronautical Systems Division , I Ja nuary 1 969.

22. U. S. Air Force , Air Force Systems Command , Des igfl
- 

- 
handbook. AFSC DH 1-8. Wright-Patt erson AFB , Ohio:

Aeronauti cal Systems Division , 10 November $970.

23. U. S. Air Force , Air Force Systems Command , Deslgn

handbook. AFSC DH -9, Wright-Pa t terson AFB , Ohio:
Aeronau t ical  Sys tems D i v i s I o n , 20 December 1970. :

r

(29

L _ _ _  _ _ _ _  

- .1

- - a -  - --—— - - -a~~~~~~~~~- —  - - a ’~~’-.-~~~~ - - t. - . - ---——- — —-a— - -
~~~~~~~~~ -- - ------- - - —.

~~ 
----a—.--—



~~~~~~
—

---- ___ .-~~~~~-.w- 
-a-a

~~ ~
_w-w-----a--a-a -

~~ 
—-a-a — ---—- .

~~ ——-~~
-.-—— —

Human resources desi gn handbooks and related documentation (concl)

Milit ar y Standards (MIL-STD)

24. M)L-STD-490. Specif iciation j,ractices . Washing ton ,
0. C. : Department of Defense , 30 October 1968.

25. MIL-STD-499A . System en~ i neerIng management.
Washington , 0. C. Department of Defense , 17 July 1 969.

26. M$L-STD- i 388-i. Logis tic support analysis. Washing ton ,
D. C. : DEpartment of Defense, 15 October $973.

27. M1L— STD- (388-2. Log istic support analy~ is: data element
definitions. Washington , D. C. : Department of Defense,
15 October 1973.

Life Cycle cost

I . A i r Force Regulation 173-10, Volume I, USAF cost and p]anning,

factors. Washington , 0. C. : Department of the Air Force ,
6 Februa ry 1975.

2. Air Force Systems Command. Life cycle costing guide for
systems açgu isitio n . LCC— 3 (interim) . Wri ght-Patterson AFB ,
Ohio : Joint AFSC/AFLC Commander ’s Working Group on LCC ,
Ae ronautical Systems Divis ion , Janu ary 1973.

3. Air Force Systems Command Guide. Life cycle cost reference
library bibliography . Wri ght—Patterson AFB , Ohio: Joint
AFSC/AFLC Commander ’s Working Group on ICC , Aeronautical
Systems Division , March 1976.

4. Cerone , U. R. The REDUCE model: users manual. Wri ght-
Patterson AFB , Ohio: Deputy for Development Plannin g, Aero-
nauti cal Systems DIvision , September 1972 .

5. CollIns , D. E. Analysis of avaiiab le life cycle cost models
and their applications. Wright-Patterson AFB , Ohio: Join t
AFSC/AFLC Commander s Working Group on Life Cycle Cost , Aero-
nautical Systems DIvision , June $976.

L 

130

--a-a—-—- I — 

- -~~~~~~~~
- 
-j - - -

L I



_ _  - -

( 1
~

- - - -1
~ I~~,

~
- 1 -  -

-
‘
i

- Life cycle cost (conci)

- 

- 

6. Czuchry , A., Glasier , J., Kistl er , R., Br i s tol , M., Baran ,
- 

- H. £ Dieter ly, 0. Digital avion i cs information system

- ~ (DAIS) reli ability and maintain ability model. AFHRL-TR-78-2.
-- - Wri ght-Patterson AFB , Ohio: Advanced Systems Divi sion , Air

Force Human Resources Laboratory , I978. AD—A056 530.

7. Gibson , U. D. S. Understanding and evaluating life cycle cost
models. Wri ght-Patterson AFB , Ohio: Joint AFSC/AFLC Corn-

-
. mander’s Working Group on ICC , Aeronaut icai Systems Divisi on ,

October $975.

It 8. LogIstics support cost model users handbook. Wri ght—Patterson
~ AFB , Ohio: Joint AFSC/AFLC Commander ’s Working Group on

LCC , Ae ronautical Systems Divi sion , August $976.

~~ 
9. Menke r, L. U. Life cycle cost analysis ~uide. Wright-

~ 
Patterson AFB , Ohio: Joint AFSC/AFLC Commander ’s Working
Group on LCC , Aeronau tical Systems DIvision , November 1975.

‘

~~ ~~
- ) 10. United States Air Force. Predictive operations and main-

- 

- 

tenance cost mode l. AFAL-TR-78—49. Wri ght-Patterson AFB ,
- Ohio: ATr Force Av i onics Laborato ry , August 1978.

Ii. Widenhouse , W. C. S Romano , U. E. A forecasting techni Que

~ 
for operational reli ability (MTBF) and Maintenance (MMH/FH).

~~~~~~ 

- .

~~~~ 

- ASD-TR-77-28. Wri ght—Patters on AFB , Ohio: Aeron autical -
~~

— . Systems Division , May 1977.
- ~~~~~~~ 

4r -
~~‘

*U S COflAN~~tNT PRINTIN G OrFIC( t9g0- 7 1 _1 i~~ ‘1~ 1 1 3 1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


